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ABSTRACT

This report presents physical and functional descriptions and
acoustical evaluation of various domestic and foreign silenceres and
silenced small Armg weapons, Included aze cross-sectional draw-
ings and external view photographs nf all systems tested. An acousti-
cal avaluation of each eystem is given in the form of far field sound
pressure-time records. All major constituents of sound signatures
are identified and time-correlated with their sources in the system,
Additionally, the report presents a record of silencing principles
and a theoretical analysis of the various noise generating phenom-
enon,
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INTRODUCTION

Throughout the history of firearms, gun noise has been of con-
siderabie concern to the military, Prior to firing, anti:ipation of the
ear shattering affects tends to make the gunner flinch, resulting in
a consequent deterioration of his aim. After firing, the gunner is
usually in a state of temporary deainess, To the eneray, gun noise
reveals presence and, often, the location of the firer, thus inviting
defensive or offensive reaction, From the above alone it becomes
evident that a "'silent' weapon i8 to be 10und indispenable in covert
operations,

Cf the various noises associated with firi: 1 & cunventional
small arms weapon, the moet significant is the muzzle diast caused
by escape of prepellent gases after the projectile exits from the
barrei. Hurdreds of patents, ‘~#ar and police records, and other
literature are witness to the efforts, for nearly a century, to elimi-
aate small arms muzzle blast, Notwithstanding timme, effort, and
interest, no completely satisfactory silenced weapon has yet been
produced.

The lack of theoretical iiterature on silencing a firearm testifies
to the stil! inadequite understanding of the principles of sound gener-
ation and a'tenuation in 2 small arms weapon, Perhape the failure to
theoretically define noise problems can be attributed to the virtual non-
existence of thorough and reliable experimenial gound data from
existing silenced and unsilenced weapons, This lack of experimental
data is partially due to only vecent development of adequate sound
measuring equ.ipmcntw* and partially due to the complexity of the
problem,

This report is intended to give an insight intc the present siate
of knowledge of silencing a small arms weapon. Essentially, the
contents consist of physical, functional, and acoustical data on an
array of silenc:d weapons fcit to be representat’ re, The gound eval.
uktion presented here is cursory, primarily because of the complexity
of the protlem. First, the gun muzzle noise is only one** of the many
possible noises heing generated by euch given system, Second, the
sound of interest is directional and attenuates nonlinearly with distance,

*See Bibliography.
.h
See, for example Appandices A and B
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Third, terrain and weather have a paramount effect on the noise being
perceived in the far field. Fourth, the physiolagical respoase of a
listener to a given sound is very strongly dependent on the background
noise and on his current psychologice! state. Many cf tha above
probiems are too involved; others sre beyond the scope of present

theoretical knowledge, The rcsalts presented hereln are only those felt
to be essential and experimentally reproducible,

All sound measurernents presented were taken in the far fieid
and directiy to the side ol the weapon. Thispermitted application of
the linearized acoustic theory and prerented an undistorted sequence
of acousticzl events. The sound signature of each weapon cescribed
was recosded in pressure«time coordinates sufficiently exparded to
show each major congtituent of the muzzle noise, Identification of
each major sound source was accomplished through time-correlation
of the sound ecope trace with the various weapon functions occurring
during the firing cycle,

A bibligoraphy of books, reports, and patents pertinent to si-
lencing a weapon is included for refereace, Works pertaining ivnore
to basic eciences were included only when specific reference was made
to such works in preparation ofthis report. A few of the fragmentary
theoretical efforts, directly pertinent to silencing a weapon, are pre-
sented 2% appendices, :

SILENCER PRINCIPLES

Muzzle ncise of small arms weapons, silenced or unsilenced,
occurs due to the following:

1. Air or propellent gas discharge preceding the projectile
exit. This consists primarily of the precursor wave ptenomenon
and the propellent gas blow-by (and, of course, :eflections of these
two ingide the system).

2, Projectile emergence and absupt volumetric displacement
of the air mass by the projectile at the weapon muzzle. This eifect,
although insignificant in unsilenced weapons, requires attenticu in
silenced systems,

PSR TV .

TR T




3. Air or propellent gas discharge (or inflow) following pro-
Jectile exit. This consiste essentially ol the initial uncorking of
internal system pressure, the subsequent discharging jet turbulence,
and the sifects due to reflections of these inside the system,

The three noise sources are relatively independent of each other and,
consequently, require different techniques for their attenuation. Thus,
when designing or evaluating a silenced weapon it i# usually necessary
to treat each noise source individually.

A projectile traveling ia a gun barrel accelerates and compresses
the air immediately akead of it. The precursor pressure wave thus
generated is substantial in most weapons, even the ones with subsonic
projectile velocities, Prior to exit froin the gun barrel, the precursor
wave front generally consists of a shock which reaches a pressure of
several atmospheres., Upon exit from the gur barrel, the precursor
wave gives ~ige to a positive sound pulse in the far field, The sound
pulse is generaily of a sawtooth configuration, beginning with a shock
and ending with an exponential pressure decay with time, In some ai-
lenced weapons this precursor sound pulse constitutes the dominant
ncise source,

hi2 abrupt exit of the projectilc itseif generates a substantial
noise in some silenced weapons. This is especially common in weap-
ons whose silencer exits are partially or completely restricted by
flexible materials, such as sponge, rubber, felt, etc. In these cases
the exterior surfaces of deforming flexible material and the moving
projectile generate sound, To a certain extent the same phenomenon
also exists when the projectile emerges through a hole in a baffle,
These effects can be expected to cccur even when the projectile is
neither followed nor preceded by high gas or 2ir pressures. The
sound signature in the far field ue to abrupt projectile emergence
from the muzzle consisis usuallyofan N-wave pulse. The magnitude
of this pulse depends primarily on the projectile velocity, diameter,
and length, and on the silencer muzzle configuration, ¥

In an unsilenced subsecnic weapon, the hot propellent gases dis-
charging into the atmosphere zfter the projectile exit constitute the
dominant source of muzzle noise, The initial sound pulse is generally

similar in shape to the precursor pulse described above, but substantially

*This pheromenon is not to be confused with designations on scope
traces where "Projectile Exit' is meant to represent the general
time of an event,




greater in magnitude. In many unsilenced weapons this muzzle

blast exceeds the limits of the firer's auditory safety and can be of
sufficient magnitude to stun him,. In silenced weapons, the major
porticn of the propellent gas generally escapes into the atmosphere
after the projectile exists from the silencer., However, by this time
the gases have expanded to the total volume of the system and the

gas pressure behind the exiting projectile is low with a correspondingly
low resulting sound pulse pressure., The sound pulse is again similar
in shape to the precursor pulse; however, it may be further modified b -
wave reflections within the silencer.

Blow-by is thc leakage of propellent gases past the projectile
while it is still inside the weapon., This condition occurs due to any
significant clearance between the projectile and the gun barrel or
silencer. Since the accuracy of the weapon i3 generally impaired if
the projectile touches any hard surface after leaving the gun barrel,
most silence 3 are designed with an adequate projectile clearance.

Yn some silence==% this clearance is so large that a good portion of the
propellent gas escajpes prior to projectile exit, and blow-by represcn:s
a significant souna source in the systern, The blow-by sound puise i
generally a positive shock, followed by an exponential pressure decay.
In come cases, when the projectile velocity is high, the blow-by can
arrive at the silencer exit at almost the sgame time as the projectile.
In this case the blow=by 80'and pulse will merge with, rather than pre-
cede, the main gas discharge sound pulse,

Theoretically, a gas or air jet discharging into the atmosphere
at a steady rate should not generate any significant noise, However,
due to turbulence?o vorticity, and reverberation wathun the jet orifice,
some flow fluctuation usually does occur. In some cases, this flow fluc-
tuation is a significant source of noise (jet planes, turbines, etc,, are
examples). In silencers, jet noise is generally substantially lower
than precursor, blow-by, or blast noise, However, in some silencers
the jet noise becomes predominant, This is especially the case when
precursor, blow-by, and blast effects are substantially attenuated,
as in the Maxin and Sten gun silencers. The jet noise can also become
significant when the silencer baffle spacing is sucl. that the baffled
chamber resonance corresponds to the natural frequency of the dis-
charging jet. In such cases both the amplitude and the dominant {re-
quency of the jot noise can be substantially altered by changing the
baffle spacing within the silencer,
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Presently the exact relationship between a sound signature and

the corresponding effects occuring in a silunced weapon i- only viguely

defined, It is known, however, that generally the magnicude and
duration of zny given sould pulse are primarily dependr:nt on the
area through which a quantity of propellent gas or air ig discharged
to the atmosphere and on how this diccharge varies with time, *

In most silenced weapons the gas discharge arca of interest is
the silencer muzzle opening. However, to predict the gas discharge
from the muzzle prior to projectile exit, considerarion must also
be given to blow-by clearances, volume, and internal configuration
of the silencer. The gas discharge rate of a pressurized chamber or
tube is deterrnined by both the discharge area and the stagnation
pressure of the gas. 2 The stagnation pressure varies inversely with
the volume containing the gas, Thus, the silencer volume becomes
a prirnary factor in deterinining the gas discharpe rate immediately
following projectile exit, Amny significant change in the silencer vol-
ume results in a corresponding change of the projectile exit sound
pulse magnitude. In the case of system blow-by, the sound
pulse is more dependent on the blow-by clearances, although often
other facters also become significant. With the precursor wave,
much lower pressures are encountered, and the morc dominant role
is played by silencer length, **

The propellent gas pressure can also be reduced by heat ab-
sorption. One method of effecting substantial heat absorption in the
silencer is to increase the contact surface between the hot propellent
gas and the heat absorbent silencer material. The heat conduction
is maximized by using materials with high hea: conductivity (=.g.,
copper is good} and by exposing the gas to the heat absorbent mate-~
rial early in the expansion process when the temperature differential
is greatest, A good example of the heat abeorbing technique is
found in silencers utilizing steel wools and wire screening, In most
cases, however, the heat absorotion is limited by the short ballistic
cycle times encountered in smali arme weapons,

Another method of effecting lzaxrge heat losses in the silencer is
to introduce a foreiyn substance, preferably a highly volatile solid
or liquid, into the propellent gas just prior to projectile exii from the

*Appendix C
**Appendix D
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» silencer. The substznce evaporates by absorbing heat from the

/ propeilent gas thus reducing the internal pressure, The

. presumably successful application of this technique is to soak the

5' ‘ silencer wire screening in oil. Water is also usable, but may pres- .
A M ent corrosion problems. The general principle, although not thoronghly

(1 ‘ investigated in the past, seems to have good possibilities,

From the foregoing it becornes evident that the sourd signatures
of most conventional silenced weapons are primarily determined by
the silencer length, volume, blow-by clearance, and heat absorbing
capability. Since in mostsilencersthe heat losses are small, the
usual silencer components (such as baffles, ''devious passages,"
etc.) have their main significance only in altering or reducing blow-by,

Several exceptional silencing techniques¥* deserving mention
may now be added to the above described principles. H,P, Maxim,
in the early 1900's, patented and manufactured a relatively successful
silencer with specially furmed baffles, These baffles channeled the
expanding prcpellent gases into a peripheral motion within the silencer,
The gencrated vortex reduced the pressure ai the center, thus reducing
the propellent gas discharge rate from the silencer. Although to date
the principie lacks conclusive theoretical and experimental verification,
super{icially it seems sound, Except for the vortical gas motion, the
Maxim silencer performed according to the principles previously
described.
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Juring World War II, Germany deveioped several expsrimental
silencers. Orne interesting version incorporated conical baffles, equally
space:l along the silencer and inclined rearward, Although this tech-
nique would not be expected to reduce the initial propellent gas dis-~ 3
chirge rate after projectile exit, it docs have a natural tendency to
reduce the precursor and the blow-by. This reduction can be attributed
to the efficient inward reflection of all outgoing pressure waves within
the silencer.

! Some of the above German World War Il silencers incorporated

: ' a flexible (sponge, rubber, etc,) disk at the silencer exit (patented

1936 in Germany). The disk cicses off the internal silencer cavity un-
less forced open by the exiting »rojectile. In this way the propellent gas
is retained within the system until it slowly seeps out, The rigidity of 1
1 : the disk ideally would be such rhat the precursor, blow-by, and ex- .
panding blast pressures would not deform it and yet tlic proiectile could h

j | ‘ ‘Appeudi,x E . 4




force its way through., A variation of the technique is to distribute
a series of these flexible disrks throughout the length of the silencer,
This design was utilized in some versions of British World War il
Sten guns and Welrod pistols.

Most silencers discharge the propellen’ gas solely through the
silencer opening, A variation of this, not often encountered, is
discharging pressurized gas through the periphery of the gun barrel
or silencer. Although the technique zs described in some silencer
patents was probably unsuccessful, with proper gas discharge dis-
tribution and timing this silencer type could prove very effective
acoustically,

A few of the early silenced weapon patents described mechanical
means for restricting the rapid propellent gas discharge after pro-
jectile exit from the weapon, One of these prescribed the use of a
metal gate to cloge the gun barrel immediately after projectile pas-
sage, The gate in this case was to be driven directly by the propelient
gas following the projectile. Other patents described the same
principle, but added a side-branch, gas-driven piston to activate the
gate, Anocther patent described a wezpon in which the projectile was
driven by a piston of slightly larger diameter. The piston was to be
stopped at the chocked barrel muzzle while the rrojectile would pro-
ceed to exit, In this way the piston would trap the propellent gas inside
the gun barrel. The patent did not prescribe 21: expedient method fer
extracting the piston from the barrel, Still another patent described
au expansion chamber at the barrel muzzle which would allow expansion
and eventual trapping of an expandable piston driving the projectile.
The propellent gas was to be trapped tehind the piston and gradually
released through small openings in the chamber, Although all of the
above techniques seem sound, more often than not they are plagued
by insurmountable design problems. Even if the above systems could
be made operable, as described they would not be expected to efiect
any exceptional attenuation in ncise,

DESCRIPTION AND EVALUATIONS OF
SILENCERS TESTED

An array of readily available silancers and silenced weapons was
tested at Frankford Arsenal., Since theinformutionwas collected over an

7
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extended peri. i of time, some ot the sound histories were recorded

at distances other than {ive meters., All measurements were rnade
with either a Bruel and Kjaer (B&K),!/4 in~h (Model 4135) or an Altec,
1/2 inch (Model BR150) condenser microphone, The microphone out~
put was fed into an oscilloscope (Techtronix) and photographed for
record, In a few cases the weapon sound history was first recorded

by a tape recorder {Ampex 351) ard then transferred to the cscilloscope
and the camera film, In each case sufficient cross-correldation existed
between various transducers and recording techniques to render the
presented data, for all practical purposes, valid and reproducible,

Throughoui the tests the microphone, preamplifier, recording
equipment, and recording technique were found to have a paramount
effect on the validity of recorded sound data, Some microphone
systems were found to have insufficiant response while others dis-
torted the signal with resonance, Zoth Altec and B&K micvophone
systems showed a prcnounced tendency to distort the signal when
measuring low intensity shock waves. They were almost completely
free from resonance at higher scurd levels. .Although the specified
frequency responses of Altac andB&K microphones are, respectivel'y.
11,000 and 75,000 cps, both gave relitively comparable results for
the purpose at hand., The tape recos:'ers are generally not recom-
mended for recording shock type scunds, primarily because of their
slow response {usually not higher than 20,000 cps) and vulnerability
to overloading. With care, however, useful data can be r~corded.

Another problem encountered during the tests was the sound
reflection from the ground, Incases where both the direct and re-
flected sound signals were recosrded, no perceptible loss seemed
to occur througl reflection from loose sand and sparse grass., The
reflected signal was simply slightly smaller in amplitude for having
traveled a longer distance from the source. Consequently, it was
found necessary to place the raicrophones anil weapon sufficiently far
from the ground to insure receipt of only the primary signal. The
further fromn the gun the measurements were taken, the higher the
microphones had to be placud olf the ground,

Most sitenc>ra and silenced weapons tested were intended for
standard sulsonic aminunition, availabl:s commercially. Some
systems, however, re~virced special »2duced charge cartrioges, For
tests, thes2 rounda ‘.ere prenared with appropriate type and quantity
of propeliant to yield pr~jectile velocities substantially below the
speed of souad, Since in some cases the projectile velocities intended
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by the systern designers were not known, it is possible that the pre-
pared and tested ammurition may have daviated slightly from that
intended. It is doubtful, however, that this {actor could significantly
alter the sound results presented herein. Some systems, such as
the Sten gun, were designed for standard supersonic ammuntion, In
thege cases the barrel usually had propelient gas bieed holes to re-
duce the internal pressure, thus reducing the projectile muzzle
velocity,

It is appropriate at this point to describe the methods whereby
the weanon'e major noise constituents, listed with each of the follow-
ing sound scope traces, were identified. In most cases the firm
step consisted of examination of a suificient number of the weapon's
scope traces to astablish the recurrent character of the overall weap~
on noise, Next, scope traces were taken with the whole weapon, ex-
cept the muzzle, wrapped with attenuatring material (a3 suede leather
jacket was found to be a remarkably good atienuator). Noting
the noise components on the trace thus atteruated or completely e-
liminated, pesitive identification was made of the weapon's breech
noise and the first noiee emitted from the weapor. muzzle, Following
this, scopa2 traces were made with the weapon muzzle taped nver with
heavy elastic tape, This determined the relative time of projectile
exit {rom the weapon.

The mechanical noises Gue to the weapon hammaer and firing
pin fall alone were deterinined by dry firing the weapon. In weapons
with detachable silencers, the precursor shock axit time was es-
tablished from scope traces of the weapon fired without the silencer.

~ Next, an impulse-time diagram was constructed {romn the scope

trace of the nverall unmodified weapon noise, This established an
approximate relationship between .he propellent gas discharge history
vi the weapon and and the scope trace,

The times of the various roise-producing processes occur-ing
in the weapon during the ballistic cycle were calculated from the
known or estimated projectile travel-time history. Analysis of all
calculaied and experimentally eastablished data led to identificaticn
of the maior weapon roite sources listed with the following sound
scope traces,

In practice, all sound measurerments and loudness judgam~:nts
are made in the presence of some type of background noise. Although
the apparent loudnesse of u signal can often be altered substantially
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by the background noise, presently there is no satisfactory means ior
predicting this masking effect., However, it is kaown that when the
eourd pressure level {SPL) of a continucus signal exceeds the SPL

of background noise by more than 10 db, the effects of background
noise, for all practical purposc e, can be neglected, If the same
criterion ir assumed for transieat noises, then masking of the weap-
on noise by the backgorund noise should become significant only when
the background sound pressure exceeds about a Lhird of the weapon
sound pressure. Al. Frankford Arsenal sound iraces were made with
the background roise well besow this limit,

Caliber , 22 Hi-stindard Pistol/French Silencer

The "French" silencer {8 a racently manufactured item, designed
for a caliber , 22 or a slightly larger caliber weapan. In all respects
other *han that its baffles are not perforated, this silencer of French
origin is identical to a Parker-liale ""Sound Moderator'' presently
being manufactured commercially in Britain, History and exact
origin of the "French' silencer are unknown,

The all-metal silencer tested (Figures ! and 2) was adapted to
a caliber , 22 Hi-standard semi-automatic pistol by threading the
barrel, Iaside, the silencer cont2ined a 3eries of metal baffles,
spaced 0, 43 inch apart. The first baffle was located 2, 37 inches
from the gun barrel sauzzle, presumably to reduce stresses on the
baifles and to provide an initial axpansion chamber, The projectile
passage diameter throughout the siicncer was 0,28 inch, OQOutside,
the silencer diameter and length were, respectively, 0.94 and 7, 3}
inches, Table Ilists sorne ofthe more important physical and func-
tional parameters of the Hi-standard pistol and the "French" si-
lencer,

Figures 3 and 4 show gcope traces of the sound pressura-time
history of the pisiol without the silencer firing a Long Kifle cartridge,
Thetraceswerc recosled five meters from and direcly to the side of the
pisto) muzzle, The three primary acoustical effects - primer initiation,
precursor shock exit, and propellent gae blast . arc distinctly visible on
the traces. The highest sound impulse and peak sound pressure level
(136 db) were due to the propellent gas discharge occurring after the
projectile exited the harre)l. The peak sound pressure level due to
exiting of thes precursor shock was 113 db, The primer initiation
sound pulse was appraximately 98 db,
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TABLE I, Caijiber .22 Hi-standard Pistol/French Silencer

Projectile
Weight (Long Rifle)
Diameter
Velocity (at silercer exit)
Energy (at silencer exit)
Travel at peak ballistic pressure {(estimated)
Travel in barrel
Travel time in barrel
Travel time in silencer

Propellant
Weight (double base, fiake, web . 0,003 in,)

Chamber volume
Ballistic pressure

Peak

At barrel muzzle (estimated)
Silencer

Passage diameter (for projectile)

Weight

Free volume

Pistol weight (withcui silencer)

Time bstween precursor and projectile exits from
silencer (estimated)

13

40 gr

0.225 in

1050 {ps

98 ft-1b

0.4 inch

7.0 inch

0. 65 ras (approx)
0,55 ms

1.7 gr (+0.2 gr
primer)
0,016 in, 3

24,000 pai
1,000 poi

0. 28 in,
0.25 1b
2.38;in,3

2,75 1b

0.95 ms
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The sound signature of a Hi-astandard pistol with the French
silencer and using A l.ong Rifle cartridgeis shown in Figure 5. In this
¢asethe souvnd pressures were substantially lower thar. withthe unsilenced
pistol. The firstdistinct sound perceivedduring the firing cycle was a pulse
(pt 1, Figure 5) generated aboutthetimethe firing pin hit the primer.
Since at this time four successive functions - hammer fall, firing

pin striking prirmer, prime» explosion, znd gas .eakage around the
cartridge case - occurred, the exact source of the first sound pulse

is not definite, However, experiments with other systemas indicate
that, generally, by far the loudest pulses ure generated by the gas
leakage around the cartridge case and by the hammer fall, The

firing pin striking the primier is generally somewhat louder in weap-
ons syithout a hasmmer,

The next sound after primer initiation was the precursor wavas
exiting irom the silencer muzzle. Thir sound puls= (it 2), because
of its low amplitude, is barely distinguishable in the trace. Shortly
aiter the precursor, the blcw.by pressure wave (generated by the
leakage of propellent gases past the projectile) exited, Exit of this
pressure wave gave rise to a pulse of 117 dp peak SPJL., The pro-
jectile exited the silencer 0.3 millisecond after the blow-by wave.
its exit was followed by the main efflux of gases, which reasulted in
the positive pulse of 119 dp peak SPL. Following the projectile
exit and initial gas efflux, the steady discharge of propellent gases
gave rise to turbulence which, corabined with reverberations within

the siiencer, generated a prolonged noise (pt 5) of approximately
105 db peak SPL,

Sound signatuvre of the caliber . 22 Hi-standard pistol vithout
eilencer, firing a Short cartridge, is shown for reference in Figure

6.

Caliber . 22 Silenced Hi-standard Pistol

Duriag World War II, the U,S, Infantry Board established

interest in silenced weapons, 37 a variety of weapons, including the
silenced celiber . 22 Hi-standard pistol (Figures 7, 8, and 9, and
Table II), were givenconsideration, It was concluded that all si-
lenced weapons were bulky and still detectable at cloae ranges, Be-

cause of low lethality, it is doubtful if the Hi-standard pistol described
herein found very wide application,
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TABLE I, Caliber . 22 Siisnced Hi-standard Pistol

L T gAY B

Projectile
Weight (Long Riile) 20 e- :
Diameter 0, 225 in, §
3 Velocity (at silencer exit) 930 ip» :
Energy (at silencer exit) 75 ft-lb

Travel at peak ballistic pressure {estimated) 0.4 .n,
k3 Trsvel in barrel d. 2 in. :
‘? Trave] time in barrel 0.65 ms {zpprox) :
: f Trave: time in silencer 0.22 ma ‘
13 '
‘e Propellant v :
R Weight (doubie base, flake, web .. 0,003 in,) 1.7gr(+0,2 gr {
% . primer) !
3 Chamber volume 0.016 in, 3 §

L Ballistic pressure .
» Pozk 24,000 psi {
é At barzel muzzle (estimated) 90 psi :
% Silencer ;
& Passage diameter (for projectile) 0,234 in, ~
§ Weight {excluding gun barrel and nistol) 0.631b :
3 Free volume ;
Around gun barrel (including barrel holes) 1,84in,3
In front of gun barrel 0,76 in.3 :
Wire mesh volume ; 1

: Rolled (around gun barrel) 0.79 in. 3 i
I Discs (froat of barrel) 0,35 in. 3
y

{ Gun barrel and pisrol weight 2.37it

Silencing of the Hi-ntandard v sto) has been accomplished
eessentially by drilling the barrel and enclosing it in a silencing tube,
The barrel has four longitudinal rows of ''blzed" holes, C.125 inch
in diameter and spaced 0.250 inch apart. The primary function o:
the holes is reduction of the ballistic pressure which, in turn, alsc
reduces the velocity of a supersonic Long Rifle cartridge below the
spsed of tound,
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The silencing tube surrounds and =xtends beyond the pistol
barrel, At the rear it is attached to the threaded receiver extension,
while at the front it terminates with a threaded cap, Inside, the
tube contains a roll of brass wire rmesh svrrounding the barrel and
a stack of viire mesh discs exiending beyond the barrel muzzle, The
wire screening is presumably intended for conling of the propellent
gases, Projectile passage through the front portion of the silencing
tube is 0, 234 inch in diameter, The silencing tube diameter and
length (beyond gun barrel) are, respectively, 1,0 and 2,5 in,

Figure i0 shows the sound pressure~time history of the silenced
Hiestandard pistol., The soundtrace, like that of the French silercer,
was taken five meters to the side of the pistol muzzle, As can be seen
from the scope trace, the pistol'smain sound sources were: primer
initiation (pt 1, Figure 10j, bleed hole blow-by (pt 2), and projectile exi
(pt 3). The primer initiation pulse, which was predominatly due to
pronellent gas leakage around the cartridge case, had a peak SPL
of 98 db, The next sound pulse (pt 2) was gerarated when the blow<by
occurring through the bleed holes exited from the muzzle, Although
thie sound pulae had a reiatively large impulse, ite peak SPL was
only 101 dh, Shortly aiter, the blow«by wave, originated at the gun
barrel muzzle, exited, This event occurred almost simultaneously
with the projectile exit, The combined effect of blow-by and gas
disciharge following the projectile exit resulted in a positive pulse
(ot 3) ¢ 113 db peak SPL., Foliowing this severzl sound pulses occurred
{pt 4) due to propellent gas discharge turbulence and reverberations
within the wilencer,

The magnritude of thaese sound puises varied from round to reound,
In the majority of cuses it was somewkat lower than that of Figure 10,
The general negative trend of sound pressure after sound pulse (pt 3)
was more consistent, representing the eventual decrease of propellent
gas dischargs from the weapon, In general, the relatively uncluttered
sound scope ‘race of the silenced caliber . 22 pistol correlated well
with its quiet performance,.

Caliber , 22 Silenced AALl Experimental Test Fixture

The AN caliber . 22 silenced test fixture (Figures 11, 12, 13,
and Tatle 11I) was designei by Aircraft Arinaments, Incorporated,
in 1965, The study vae conducted as part of a Frankford Arsenal
contract issued (0 investigate unconvertional usea of small armas,
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TABLE III, Caliber ,22 Silenced AAQI Experimental Test Fixtura

Projectile
Weight 40 gr
Diameter 0,225 in,
Velecity {at silencer ekit) 990 fps
Energy {at silencer exii) 88 ft-ib
Travel at peak ballistic pruseurs {estimated) 0.4 in,
Travel in barrel 6,9 in,
Travel time in barrel (estimated) €.72 ms
Propellant
Weight (double base, flake, web ~- 0,003 in,} 3L.T7gr (+ 0,2 gr
primer)
Chamber volums 0,016 in.
Ballistic pressura
Peak 24,000 pui
At barrel muzzle (estimated) 130 pesi
Silencer
Outride diamoater 1.0 in,
Leagth ) 6.5 in,
Weight (exclading action and gun barrel} 0.5 1t
Free volume (including gun barrel holes) 4,69 in, 3
Total fixture and siiencer weight 1.51b

The AAlfitureic essentiallya - zliber, 22 single shot rifle action
with a T-inch barrel. Tke barrel has a total of 28 holes of vacious
diameters drilled along its length, Tke first four holes are erclosed
by a section of a Negator spring, presumably to give adaptability
to both the Short and the Long Rifle cartridges. Surrounding the bar«
rel is a silencing tube which forms an expansion space for the pro-
pellent gas escaping through the barrel bleed holes., The expansion
space is divided by six baffles which isolate each set of bleed holes
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and thus prevent excessive blow-by, Some chambers surrourding the
bleed holes contain rolled steel wire mesh, presumably interded to
cool the expanding gases,

The performance of the AAI silenced yixture is simple in prin-
ciple. Ao the projectile travels down the barrel, the propellent gas
bleads off through the barrel holes and expands into the space around
the gun barrei, The ¢xnansior of propellent gas is accompanied by a
requction in the ballistic pressure behind the projectile, By the tinae
the projectile exits from the barrel, the propellent gas pressure has
been reduced to chat dictatad by the total expansion space {and slight
heat absorption). The lower pressure behind the prejectile at exit
results in a lower initial propellent gas discharsge sound pulse,

The sdvantuge of this design is that with proper sizes, number,
and placement of biced holes, both the precursor and the blow-by
sound pulees can be mimimized, The system's disadvautages are: (1)
the prematuxre propellent gas bleeding resultsina reduction of pro-
jectile velocity; {(2) the eventual abrupt uncorking of the barrel is
sccoustically undesirable; and (3) the projectile (especially a lead
Frojectile) is susceptible to deformation and erosion by propellent
gases if bleeding is accomplished too abruptly or while the gas pressure
is still high.

The scund pressure-time history of the AAI test firture is shown
in Figure 14, The trace was recorded five meters directly to the side
of the weapon, As with the silerced Hi-standard pistol, the first sound
pulse (pt 1, Figure 14) recorded corresponded to the time of firing
pin fall, The peak SPL of this pulse was 93 db, Since the time between
this eveat, primer explosion, and gas leakage around the cartridge
was small, the three eveats are not readily distinguishable on the
8cope trace. However, the pulse due to leakage around the cartridge
seems to be in the vicinity of 103 db,

The second and londest sound pulse (gt 2) was due to gas leakage
from the joint between the silencer tube and fixture breech. The gas
leakage, occurring 2s scon as the projectile vassed the first set of bar-
rel bleed holes, resulted irn. a peak SPL of 115 db. This sound pulse
co::ld be eliminated by a tighter fit between the tube and breech,

The next pulse {pt 3) was due to exiting of the precursor wave and

the propellent gases which found their way through the blsed holes ahead
of the projectile, This sound pulse was relatively small, with a peak
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SPL of 101 db, Shortly after the precursor and blow-by, the pro-
jectile exited. This resulted in the main efflux cf gases from the
muzzle and the consequent blast pulse (pt 4) of 114 db peak SPL,
Yollowing thia initial blast pulse were the various sound pulses emitted
fruom the muzzle due to the reverberations within the barrel and the
silencer. The last sound pulse (pt 5} was a ground reflection of the
pulse due to gas leakage zt the silencer tube base. As can be seen,
reflection of the sound pulse irom the ground {sand and sparse grass)
occurred with aimost negligible attenuation,

Caliber . 22 Hi-standard Pistol/ FA Siiencer

The experimentzl silencer shown in Figures 15 through 17 was
designed by two Frankford Arsenal employees i 1967, It :volved
concuvrently with the availability of low cost poroug metal machining
stock. The porous metal manufacturing techniques, which only re-
cently were refined, consist of casting the molien metal over a sait
configuratinr: and dissolving the salt after the raetal hardens, Pres-
ently, a number of metals can be cast into almost any porasity,
density, or shape. The silencer dcscribed herein is probably a fair
representative of its tvpe,

The caliber ,22 Frankford Arsenal silencer vas tested with the
sarne Hi.standard pistol used for evaluation of the French silencer,
It is all-aluminum, and measures 1. 4 inches in diameter and 6.5 inches
in length. The silencer is machined from stock which is partially solid
and partially porous (ree Figures 15 through 17 and Table IV), Outside,
the porous section of the silencer is wrapped with electrical tape, which
limits the propellent gas discharge to only the 0,23 in, diameter
projectile exit at the silencer muzzle. Inside, the silencer counsists
of three chambers of different lengths and diameters,

The ouiftanding characteristics of the caliber . 22 Frankford
Axsenal silenter are small weight, low manufacvuring cost, and rel-
atively quiet acoustical performance, The undesirable features of
the silencer are its bulkiness and high erosion rate, Other physical
and functional characteristica of the tested silencer arelistedin Table
1v,

Lie generzl) acoustical performance of the Frankford Arsenal
silencer tan be surmised from the scund scope trac: shown j1 Figure i8
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TABLE 1V, Caliber .22 Hi-etandard Pistol/FA Silencer

Projeciile
Weight {Long Rifle) 40 gr
Diameter 0.225 in,
Velocity {at silencer exit}) 1050 fps
Energy (at silencer exirt) 98 ft-1b
Travel at peak ballistic pressure (estimatad) 0.4 in,
Travel in barrel 7.0 in,
Travel time in barrel 0.65 ms {(approx)
Travel t!me in silencer 0,47 ms
Propellant :
Weight (double baese, fiake, web ~ 0,003 in,) 1.7 gr (+ 0.2 gr
| primer)
Chamber voiume 0,016 in, 3
A Ballistic pressure .
Posk 24,000 pai
! At barrel muzile (estinated) 1,000 psi
Silencer
Passage diameter (for projectile) G.23 in,
Weight 0.47 1b
Total {ree volume 5,6 in,3
Total pore volume 4.9 in, 3
= Mean pore diametar (approx) o 0.64 in,? 'F
| 4
Porous alumiaum density 0.U43 1b/in, 3
Pistol wzight (without silencer) 2.751b
? Time between precursor and projectile exiis P
from silencer (estimated) 0,90 ms
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{see Figures 3, 4, and 6§ for sound scope traces ot the pistol without
silencer). The main sound sources of the silenced pistol were primer
initiation (p 1, Figure 18) blow-by (pt 3),and gas discharge following
projectile exit (pt 4). The noise due to precursor (pt 2) was relatively
insignificant, The primer initiation £ound pulse (as previously de-
scribed) occurred due to gas leakage around the cartridge case. The
peak SPL of this pulse was 103 db. The next and largest sound puise
was that due to the exit of propellent gasee which by-passed the pro-
jectile, This pulse had a peak SPL of 108 db. The projectile exited
approximately 0. 4 ms after the tlow-by, The gas efflux following

the projectile exit gave rise ‘o & sound pulse of 100 db peak SPL,

In general, the sound signavure of the caliber , 22 pistol with
Frankford Arsenal silencer could be described a3 a relatively mild,
muffled hand clap, The systerm sounded somewhat quieter than the
siienced Hi-standard pistcl,

Caliber , 30 M19%03 Rifle/Maxim Sileacer

The all metal caliber , 30 Maximn silencer herein described was
designed by H, P, Maxim. The first versicns of this U, S. silencer
were patented and manufacturad commercially in 1909, At the time,
the uze of the Maxim silencer was considered by the Army, and
issue of two silencers per platoon was recommended for training
recruits. iHowever, due to the baliistic crack of the supersonic
round, the Maxim silencer, as well as several other designs, nsver
found wide application. ft is doubtful if, at that time, the use of a
modified (subronic) cartridge was given much consideration except
for special misaions,

The Maxim silencer version recently tested at Srackford Arsenal
(ses Figures 19 through 22 and Table V) is the '""Model 15" supposedlv
issued to National Guard units during World War 1. It ia approximately
? inches long and 1 inch in diameter, The silencer is 0,16 inch eccen-
tric with respect to the rifle bore. It attaches to tke military Spring-
field rifle by an end nat and two tapering half-sleeves, The fron: rifie
sight must be removec and replaced during the mounting operatisn,
Inside, the Maxim silencer is composed of an initial expansion c hamber
followed by 19 equally spaced baffles, The bafflee are indented rear-
ward and off-center from the rilencer and the rifle bore axes.
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TABLE V., Caliber .3¢ k41903 Rifle/Maxim Silencer

Yrojectile

Weight (Matcli)

Diamater

Velocity (at silencer exit!

Energy (at rilencer exit)

Trevel at peak ballistic preesure (estimated
Traval in barrel

Travel time in barrel

Travel time in silencur

Propeliant
Weight (P9 dcuble base, flake, wueb ~ 0,003 »n.)

Zhamber volume

Dalliatic pressure
Paxk
At barrel muzzle {catimated)

Silencer

Passage diameter {(for projeciile)
Weight

Free veiume

Onzside diareter

I-engtl. (beyond gun barrel)

Rifle weight (wichout silencey)

Timo Letween precu: sor and prujeciile exits
fxom silencer {e¢stimated)

42

175 gr

0. 309 in.

1050 fpc

431 ft-1b

0.4 in,

22,0 a,

2,3 ms {appiox)
¢.56 ms

7.6 gr (+ 0.5 gr
pPrimer)
0,30 in. 3

28,000 psi
1,000 psi

Q. 375 in.
¢.63 b
4.0 in.3
1.0 in.
7.0 in,

?1b

1. 44 ms




The Maxim silancer baffle configurarzion induces the gaces,
propagatiag down the gilencer, inte s vortical spin, No data seemn to
be available on the ccutai effectiveness 3f the [rinciple. However, il
is nenceivable that pressures at the silencer projectile pagsage could
thos be substantially reduced, The Maxim silencer's acoustical per=
{formance {Figure 25) ismuch better than would be expacted from its
clearances, volume, and length alone., Thus, some effectiveness
must be attributed to the silencer's eccertricity and the askew bafflcs,
Howevar, the value of the vortical spin principle still i emains ques-
tionable,

Figure 23 shows the sound pressure history of the caliber , 30 M1303
vifle withou! the silencer, using a subsonic cartridge. As can Le seen
from the scope trace, the main gound souries are precursor shock
(pt 2, Figure 23) and propollent gas discharge following the projectile
exit {pt 3). The corresponding SPL of these puleses are, raspectively,

119 and 137 db five meators to the side of the weapen.

The sound proscure-::: e history of the M1903 rifle with the
Maxim silencer and subsonic cartrvidge is shown in Figurses .4 and 25,
‘The system's main noise sources are primer initiation, precursor shock.
blow«by, and propellei¢ gas discharge after projectile exit, The primer
initiation noise,from firing pin fall to the first muzzle sound,’s shown in
Fig °» 24, The absence of the usually high initial positive sovund pulse
su_:.-sts that gas leakage around the cariridge case is very low and
that moat of the system®s initial noise is mechanical, Sound pulses
due to the blow=by £nd the propellont gas discharygs after projectile
oxit are shown more distinctly in Figure 25, Here the Llow-by and
gee discharge pulses are, respectively, 102 and 112 db peak SPL.
Following thece pulses, theve is a prolonged, sea2mingly random,
noise of appro:rimately 102 db reak SPL due to gas discharge turbu-
lence and reverberat.ons ina:de the silencer,

The general vow:d history and apparent loudness of the tested
M. .xim siieucer «re comparable to the better silenced syeterns, This
in especially significent in view of the relatively hish projectile cnergy
{431 ft ib) and velocitvy (1050 fps). Coumbining thie with the sileacer's
adaprability to siavdasc weapons, its relatively small size, and its
coustruction (requiring no maintenance or replaceraent of parts), the
WW I Maxim silencer is ous of the better items tested at Frankiord
Arsenal.
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Caliber . 30 Silenced M1 Carbine "

-

The silenced M) carbine (Figures 2€ and 27 and Table V!) was \
developed in Enfield, England, about 1945, It is believed to have been
desigmed for the Cffice of Strategic Services, The carbine is manually
operated and takes standard supersonic ammaunition, Because of its
bulkiness, manual feeding, and not toc impressive acoustical performance,
it in doubtful if the weapon was widely utilized.

. ——

Since standard supersonic ammunition was to be used in the siicnced
carbine, aevea Y“oles of 0, 125 inch diameter were drilied in the barrel
clore to tl:e breech, This ailowed the gases to be bled off through the
holes, with a consequent reduction in ballistic pressure and projectils
muzzle velocity, The original barrel length was also reduced to ten
inches, presumably to minimize the final length of the carbine. The
carbine's silencer surrcueads and extends seven inci.es beyond the gun
barrel, Inside, the silencer has a series of conical baffles, pasitiored
throughout its whole length, The overall length and diameter of the
silenced barrel are 17 and 1. 4 in,, respectively,

R

- ep ) reramees e

e el

Sound pressure-time history of the tested carbine, {ive ineters
to the side of the weapon, is shown in Figure 28, The main constitu-
eats ol the noise are: primer initiation (pt 1, Figure 28), bleed-hole :
blow-by (pt 2}, gun barrel muzzle blow-by (pt 3}, blast immediately ;
following projectile exit (pt 4}, and continuous noise emitted {rom :
silencer after projectile exit (pt 5). ' {J

The primer initiation ncise (barely visible on the trace) was d .
2pprc dimately 94 db peak SPL and was primarily due to the hammer £
fall, ‘‘he gas blow-by around the cartridge case seems relatively i
insignificant, '

Following primer initiation, the first significant sound puise ; P
{pt 2) was caused by thr exit of the pressure wave generated by the §
g2ses finding their way out through the barrel blaed holes. This was f
a positive cound pulse of 112 db peak SPL, The secondary blow-oy, '
which occurred at the gun barrel muzzle, exited the silencer approxi- :
mately 0. 6 v 3 after the blaed hole blow-by, This generated a postive :
sound pulse of 122 db peak SPL. r

The projectile followed the secondary blow-by by about 0, 4 ms, : 1
The immediate accoustical effects associated with the projectile
exit { pt 4) are barely distinguishable from the scope trace, This is ' 1
due to the masking effect of reverberations within the silencer and

Y.
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‘%hw TABLE VI. Caliber .20 Silenced M1 Carbine

- Projectile
Weight
Diameter
Velocity (at silencer exit)
Energy (at silencer exit)

Travel at peak ballistic pressuce (estiinated)

Travel in barrel
Travel time in barrel
Travel time in silencer

Propellant

Weight (WC320 double base, spl:erical granulation

0.013 by 0. 009 in.)
Chamber volume
Peak ballistic pressure

Silcencer

Passage diameter {fur projectile)

Free volume

Carbine weight {withcwt magazine)
Silenced
Standard unsilenced

Time betweesr precursor and projectile exits

from silencer (estimated)

5¢

108 gr

0. 306 ia.

1058 ips <
270 ft-1b

0.5 in.

9.2 in.

1.30 ms (approx)
0.56 msa

]

13 gr {+ 0.3 gr
primer)

0,062 in, 3

31,800 pei

0. 375 in.
0. 3in, 3

5.751b
51b

0. 41 ms
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discharge turbulence occurring at thise time, An approximate value

of 119 db peakh SPL was assigned to the projectile exit pulse. Follow-

ing the projectile exit {rom the silencer, there wae a continuous roise

of about 118 db peuk SPL. This high frequency noise, which again can
1\be attributed primuarily to internal reverbearations, peusisted for

several imilliseconds, It is superimposed on a gradual trend into the

negative sound prassure region, This, of course, signifies the

eventual decrease of gas discharge from the weapon;

To a subjective listener, the firing of the silenced carbine sounded
like 2 sharp hand clap followed by a distinct hissing sound,

Caliber , 32 Silenced Sleeve Gun

Little is known about the origin and history of the silenced sleeve
gun. It bears close similarity in design and workmanship (Figures 29
through 32 and Table VII) to the caliber .32 Welrod pistol, The sleeve
gua is a singlc shot item, requiring considerable time for reloading.
To reload and cock the weapon, the three rearmost threaded sections
have to be disassembled. Independent cperations are required for
rechambering the cartridge and resetting the firing pin spring., The
weight (1.7 ib) and general configuration of this gun suggest that it
was also intended for use as a club.

Firing of the weapon is accomplished by moving a latch toward
the weapon muxzle. A rod, attached td the latch and running along
ths top of the slceve gun, releasers the plunger holding the firing pin
at the rear of the gun. At the base, the sleeve gun ie provided with
an eyelet, presumably (ora strir.g to support the weapon in a coat
sleeve.

The internsl configuration of the sleeve gun, oxcept for dimensions,
is exa:tly the same 28 that of the caliber . 32 Welrod silenced pistol, *
The 3. 25 inch gun barrel contains a series of 20 holes, 0.063 inch in
diaireter, positicrned in five rifling grooves., The h0les lead into an
expansion chamber formed by the tube surrounding the gun barrel.
The tuhe also extends beyond the gun barrel muzzle by 2. 85 inches,
thus forming the forward silencer secticn. Inside, .he silencer section
contains a series of metal and rubber baffles whick. provide the si-
lencing effect. :

*See Figure 35.
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TABLE VII, Caliber . 32 Silenced Siecevs Cun

Projectile
Weight
Diameter
Velocity (at silencer exit)
Energy (at sileacer exit)
Trawvel at peak ballistic pressure {ectimated)
Truve!l in barrel
Traval time in barral {estimated)
Travel time in silencer

Propeilant
Weight (Norma, ACP, double bate, web ~ 0,003 in.)

Chamber
Peak ballistic pressure

Projectile passage diarieter

1% gr

0, 218
700 tps
82 ft-ib
0. 35 ju,
3.725 in,
&, 54 ms
¢, 34 ms

3gr (+0.3 gr
primer)
0,026 in,

14,000 pai

In steel baffle 0,38 in,
In old rubber Ttafiles 0.25 in, {approx)
In new rubber buf{len X-slit
Free voiume
Around gun barre! 1.18 in, 3
la front silencer portion 1.2in.3
Total weapon weight 1.7
57

PO T W B e

- b e i
e — —



ol TR

When examined, the rubber baffles of the sleeve gun herein
described were already old so that passage through them was ap-
pro:dmately 0. 2% inch in diarneter, When new, the rubber baffles
probably completely «losed off the silencer caviiy. Thereiore, a
record was aleo made with a new baifle containing only an X.slit
through the center.,

Figure 13 shows and identifies the various sound constituents
of the tested caliber , 32 sleeve gun with old baffles, Tha first small
sound puise on the trace (pt I, Figure 33) corresponded to the time of
primer initiation. This# pulse, as well as other eamall pulses immediately
following it, was approximately 87 db, peak SPL (unpublished data),
and was primarily due to firing pin fall., Cas leakage around the
cartridge case seemed negligible,

The next sign.ficant sound pulse {pt 2} was emitted from che
silencer muzzle, It was identified as the pressure wave due to the
propellent gases exiting through the bleed holes and finding their
way ahead oi the projectile. The peak SPL of this pulse was 118 db,
the same as that for the caliber . 32 Welrod pistol,

The blow-by occurring at the gun barrel muzzle inside the si-
lencer followed the bleed hole blow-by by about C, 25 ms, This pulse
was 114 db pecak SPL. The projectile exited approximately 0.3 ms
later, The efflux of propelient gas immediately following the pro-
jectile resulted in a positive pulse (pt 4) of 126 db peak SPL, The
positive sound pulse 0.2 ms after pt 4 was due to reverberation in-
8ide the weapon,

The sound rcope trace of the sleeve gun with new rubber baffles
is shown in Figure 34, As can be seen, practically all nuise preceding
and following projectile exit was eliminated by the new baifles. Also,
the projectile noise was reduced to 120 dp peak SPL. In-general, ithe
sleeve gun with old baffles sounded like 2 somewhat loud srap, Fired
with new baffles, it sounded likewire snappy, but substantially quister,

Lo TR

)

Caliber . 32 Silunced Welrod Pistol

The caliber , 32 pistol (Figures 35 and 36 and Tabie VIII) bears
closn resemblance to the 9 ran Welrod pistol® developed in Britian

S A " PRI = s N " o g e o oy PAETESRCT a8 et e @ e g T ey Fay T
) “F 15 TR -am%,:‘&;_-fkﬂa- St W’?"‘v AR i SR R L T IR ¢ SCRATP I LY ) fid s
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*See Figures 38 and 39,
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TABLE VIII, Caliber . 32 Silenced Welrod Pistol

Projectile
Weight 77 gr
Diamatex 0.315 in.
Velocity {ai silencer exit) 770 {ps
EYnergy (at silencer exit) . 102 ft-1b
Travel in barrel 3.9 irn.
Travel time in barrel (estimated) 0.54 ms
Travel time in silencer 0.43 ms
Propellant
Weight (Norma, ACF, double base, web ~ 0.003 in.}) 3 gr (+ 0,3 gr
primer)
Chamber volume 0.025 in. 3
Peak ballistic pressure 14,000 psi
Projectile passage diameter :
In steel baffle 0. 375 in. T
In old rubber baffle {when tested) 0. 25 in (approxj)
Free /olume
Around gun barrel 2.%in.3
In front silencer portion 2,5in.3
1 ES Total p’stol weight (unloaded) 2.5 h
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during World War II, Externally, the primuyry difference between the
two is that the caliber . 32 is somewh~t 3maller and dorsz not have a
trigger guard. The Welrod pistol is ons of tht few wecapoas specif-
ically designed to bte "silent.’ It hud been provided with a suitable
silencer and a relatively quiet breech mecharism. Althougk its clip
{the pistol handle) holds eigin rounds, the pictel requires slow manual
reloading for each shot,

Internally, the caliber , 32 Welrad pistol consists of a metal tube
surrounding and extending beyond the pleinl barrel. The barrel has
a series of 20 holes (0. 062 inch in diameter! drilled arcund its pe-
riph~ry., The holeo are positioned in the five rifling grooves and
lead to the surrounding expansion chamber., This chainber is aep-
arated from the front silencer secticn by a biffle which has 12 nholes
(0. 062 inch in diameter}. The silencer sectios, extending beyond the
barrel muzzle, is four inches long and containe a series of metal and
rubber baffles. The rubber baffles are spaced intermittently between
the metal baffles (Figure 35). The projectile passage diameter in the
steel baffles is 0. 375 inch, The passage diameter in thz cld rubber
baffles, when tested, was approximately 0. 25 inch; when new, the
rubber baffles probably completely closed off the silencer interior.

Figures 37 shows and identifies the various sound pulses ger-
erated by firing the caliber .32 Welrod pistol. The main acund
pulses were due to primer initiation {pt 1, Figure 37), bleed hcle
blow-by (»t 2), and projectile exit (pt 3). The high SPL (~112 ¢b)
and positive nature of the first sound pulse (pi @) ideutif{y it ae that
cauned by gas leakage around the cartridge case, The blow-by wave
{generated by the propellent gas by-passing the projectile through
the barrel bleed holes) exited approximately 0, 4 ms later, This
gave rise to the pulse (pt 2) of 118 db peak SPL. The blow-by wave
occurring at the gun barrzl muzzle exited from the silencer approx-
imately 0.3 ms after the bleed hole blow-by. From the scope trace,
ic is deen that this blow-by is almost insignificant, The last and
laxge st sound pulse, with its pecak SPL of 122 db, was due to the
gas discharge immediately following the projectile exit, Followirng
thiu, there was a prolonged high frequency noise of about 104 db peak
SPL due to turbulence and reverberations within the system.

In general the caliber . 32 Welrod sound signature could be de-
scribed as a sharp snappy crack.
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9 mm Silenced Welrod Pistol

The 9 mm Welrod pistol, except for size, isexterrally very
similar to its caliber , 32 counterpart, Internally, however, the
two pistols are quite different (see Figures 35, 36, 38,39, ard Tavle
IX), The 9 mm Welrod barrei congists of two sections, front and
rear, The rear portion contains the gun barrel,which has sixteen
0.052 inch diameter bleed holes at its breech end, The gun barrel
is surrounded by a tube which, togather with the threaded front
bushing, forn.s an expansion chamber for the gases escaping through
the bleed toles, The front portion of the pistol barrel is essentially
the weapon's silencer, It attachcs to the pirtol by means of 2 threaded
bushing, The inside of the silencer s=:ction contains 2 series of
metal, rubber, aad f2lt baffles separated by a perforated, spocl-like
steel spacer. The passage through the steel baffles and spool is
approximately 0, 43 inch in diameter.

Thae pistol examined at Frankford Arssnal contained three
flexible baifles .. two rubber and one Z2lt. The projectile passage
through these baiffles was approximately 0. 35 inch in diameter, *Vhen
new, however, the flexible baifles srobably completelv closed off
the silencer cavity; therefore, records were also made with new
baffles containing only an X~slit. Not knowing *he condition of the
tested weapon, most firingy were made with a reduced charge car-
tridge (describied in Table 1X),

Figure 40 shows the sound pressure-tirme history of the 9 ram
Welrod pistol without the forward silsncer se:tion and {iring the re-
duced charge round, The first noise detectable (and barely visible
on the trice shown) occurred at about the time the firing pin hit the
primer. This noise (pt }, Figure 40} had a peak SPL of approximately
105 db, and was due to gas lvakage around the cartridge case. The
next scund pulse (pt 2) was due to the precursor shock exiting from
the gun, The high SFL of this pulse (131 db) suggests a possibility
of gas leakage past the projectile. Any bypassing of the propellent
gas naturally reiniorced the precursor,giving rise tc the high SPI.,
The last pulse (pt 2) was due to propellent gas diacharge immediately
following the projectiiz exit, This pulse nad a peak SPL of 13} db,
the same as that nf (he precursor pulse.

Thu sound performance of the 9 mm Welford with the silencer

containing old baffles is shown in the sound pressure-time trace of
Figure 4i. Herve the main noise constituents were primer initiation

66



!
e A . e i .\.\io"’i\g

ket S - o NPT PSRV T I T S e e btk APWA o ekl o el R {0 A b s W3 Schsth ¢ S eS8
101914 PO PPOURIIG UNU § ‘UcHOVS 88940 *gf vandi 2
$Ih 9 Vi Zuy - \
SeCys y39ENA ’
R Z IS ] g Ny 83.
7
0
— Ty
I3 —
! .
L. |
— P e————r - C G oy
.

T R AR i s Wt S B

%giig\ﬂv’}éiﬁé,a\i?njgf‘ S P . ) . ) . . x‘ o . ) ) _




Ao o kel

[
bty o,

Tk ot s T e v s e el C

e T det e Sl e Lk e it ¢ 2 e A R < i+ i 33 0 Ao e

10381g Lo p32uang uny 6 ‘6% sandryg

e

O S A ATt At M S e s 2 e el A et e o et A

68




TABLE IX. 9 mm Silenced Welrod Pistoti

Projectile
Weight
Diameter
Velocity {at silencer exit)
Energy (at silencer exit)
Travel at peak ballistic pressure {eetirnated)
Travel in barreel
Travei time in gun varrel (esimated)
Trevel timqe in gilencer

Propellant
Weight (N9, double base, flake, web . 0,003 in,)

Chamber volume

Ballistic pressure
Peak
At {irst hole {estimated)
At gun barrel muzzle {estimat :d

Silencer
Weight {front portion)
Free volume around gun barrel
Free volume in iront portion

Projectile passange diameter
Eilencer spool
in old ruLcer batfles
Through nev rubber bajtles

To:al pisto! weight (with the silencer)

Time between pnrecursor and projectile exite
from silencer estimated)

69

115 gr

0. 357 in.,
640 fps
106 ft-1b
0.4 in,
4,7 in.
0.7l ms
0.60 ms

3gri+ 0,35~
primer)
0,038 in, 3

22, 400 pai
10,600 psi
200 psi

0.53 1t
2.3in.3
4,5in.3

0.43 in,
0,35 in, (approx)
X-~slit

3.5 b

0.91 N
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{pt 1, Figure 4}), precursor exit (pt 2;, blow-by exit (pt 3), and
projectile exit {pt 4). The relatively low SPL {~ 105 db) of primer
initiation suggests that leakage around the cartridge case was rmuch
smaller than that of the caliber . 32 Welrnad, The precurser sound
pulse had a peak SFL. of approximately 111 7ib, The blowe«by wave,
which originated from the propellent gases bypassing the pro-
jectile in the spocl spacer, ~onstituted the second loudest sound
sourze of the system. This blow-by sound pulce (pt 3) had a peak
SPL, of approximately 119 db. The last and largest sound pulse

{pt 4) originated at the time the projectile vxited from the silencer.
It had a peak SPL of 124 db, and was due ‘o the abrupt prore’lent
gas discharge following tne projectile exit,

A record of the silenced Welrod with new rubber baffies, firing
a reduced charge cartridge, is shown in Figure 42, As can be seen,
the primer noise was unaifected, but the precursor and blow-by
were praciically elisninated by the new baffles, Also, the projectile
oxit ralse wae reduced to 1720 db pzak SPL., Figure 43 shows the
trace of tne silenced Welrcd with new baffles, firing o standard 9 rom
NATQ cariridge {silencer muzzle velocity ~. 930 fps), Pere the peak
SPL: of the projectile exit was 125 db,

In general, the 9 mn. Welrod with cld baifles sovnded similar
to, althoagh somewhat louder than, tle caliber . 32 Weirod »istol, With
new baffles it sounded appreciably quiter than before,

9 mm Silenced Sten Submachine Gun

The silenccl Sten submachine guns (Figure 44) were first
developed and manufactured in Britain during World War YI. They
were successfully used by both the British Commandos and the guer-
rillas operating behind German lines. A few of the silenced Stens
eventually found their way into German hands but, contrr:iy 1o strong
recormmmendations by some, the German High Command did nct adopt
the Sten for general use.* More recently, silenced Stens were re-
portedly used by Allied troops in Korea.

Basically, the silenced Sten (designated Mark IIS} is a2 modified
version of a standard unsilenced Sten submachine gun, The mod-
ification consisted esseniially of reducing the bolt weight, shortering

Llw?

s ~4"4,.v“_¢»-%,&m.gﬁ "

*
However, see Appendix E.
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the boit spring, and substituting the replaceable barrel with a si-
lenced one, Since the new barrel reduced projectile velocity below
the speed of sound, the bolt modifications were necessary to insure
proper weapon operation and to maintain the rate of fire at standard
450 rpm. Sorne modified weapons reportedly had their breech in-
sulated with acoustical material, this to attenuvate the weapon's me=
chanical noise (Figure 45). Many versions of the silenced Sten barrel
are known to have been developed. Two types, both similar, were
tested at Frarkford Arsenal.

¥,
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Silenced Sten Burrel, Type I

Tha Type I silenced Sten barrel (Figure 46) consists es~
sentially of a drilled length of stancard 4 inch long gun barrel and a
surrounding silencing tube which extends beyond the gun barrel muz-
=l¢. The gun barrel has six holes {J, 11 inch in diameter) located
0. 72 inch from the initial projectile base position, and opening into
the expansion charnber surrounding the gun barrel, The early bleed-
ing of propellent gases is primarily intended to reduce the velocity
of the standard supersonic round below the speed of sound, 4

. O N avin AP
! PN 20

:5%“

ML)
H ‘l‘i‘ 3

it

The front end of the silencing tube forms the secondavy
expansion chamber, which s divided by 30 straight, equally spaced,
metal baifles. The first and last baffles (0. 25 inch thick) consist of
stacked wire screen discs, The paseage through the baffles provides
the projectile with a diametral clearance of 0,040 inch, Outaide, the
silenced barrel is partially covered by asbestos rope, electrical tape, )
and canvas cover to protect the hands from the fube which becomes
Jxcessively hot with automatic firing. The overall silenced barrel is
13 inches long and 1, Sinchesin diameter, By comparison, the stan-
dard unsilen~ed Sten barrel is only 6 inches long. Some of the more
significant physical and functional parametere of the silenced Sten
with the Type 1 barrel are listed in Table X,

A

o

.

AT AT Y el

e

On firing, the forward (and rearward) motion of the Sten
bkolt terminates with 2 considerable slap, This impact of boit against
breech and the consequent vibration of the weapon's various ~omponents
generated prolcenged noise of about 100 db peak SPL, lasting a few
milliseconds (Figure 45)., To avoid the overshadowing effects of
mechanical noise, the Frankford Arsenal sound tests were conducted
with the silenced Sten barrels held and fired in a special, relatively
quiet, single shot test fixture (Figures 47 and 4B). Since the mechaaical
noise of the fixture is relatively low, the rccordes scope traces es-
sentially contain only the system muzzle noise,
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76

o

o -
$<

g

Lok e

e i A s =



98pTa3x8) Inoyax ‘deTs 3tog unsg
SUTYIBWANG WIS POIUBIFS Wal ¢ ‘SpE 03 savzem RATY *Lio3viy BU}L-2INS8EIXJ PUNOG °*GH TINGII

?wauoz.w Mw mma R m..w dels 310g $uyAc1Teg 9sTUN [vOTUTmO (T)
Aaaua = W

qp g6 =~ 1q (e8pyx3x9) Ou) dars 370€ panavog @

17

0ST xg 2931y :ancydoLaiy
UOTSTATP J0fwm 7 w md |
B3/6W G°0 « X

w/ereql €572 « 4




(1 2d4y) 1oaaeg UnD auzydetug

TIM A viQ v -

SINA NN M § -

/
.\. v:iQ B R
WIA0D S.a:vy 4
PHidavaM SGLL I3y Il\

AS UG PAJUDIIG U 4 ‘vopdas swoan *96 aanBr g

18

U v Uy
o

o
e



ed . e e W i e yete
S PRELS T RAaRRE S ISR Lokt R 5

< AR e TN A,

PRV it

TABLE X,

Proj-ctile
Weight
Diameter
Velocity (at silencer >xit)
Energy {(at silencez exit)

Travel at peak hallistic pressure {(estimated)

Travel in barral
Travel tima in barrel (estimated)
Travel time in sileicer

Propellant

Weight {(WCC-6102, doublebase, we~-0, 003 in.)

Chambar volume

Ballistic pressure
Peak
At barrel muzzle (estimated)

Silencer Characteristics
Passage diameter (for projectile)
Free volume ir {ront silencer portion
Free volume around gun barrel

Silenced barrel
Weight
Lenght
Diameter

Standard Sten gun barrel length

Total weight of silenced Sten gubmachine gun
{withoul magazine)

Time between precursor and projectile exits
from silencer (estimated)

9

9 mm Sileoced 5Sten Submachine Gun, Type I Barrel

115 gr
Q. 356 in,
1000 fps
258 {t-1b
0.3 in,
4,25 in.
0. 42 mes
0.7l msa

6gr(+90.3gr
primer)
0. 038 inJ3

31,000 psi
250 psi

0. 50 in,
3.0 in. 3
4.4ip.3

2.251b
13 in,
1.51in.

6in,

7.7 b

0.3 ms
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The sound pressure history of the Type I silenced Sten
oarrel fired with the test fixture is shown in Figure 49, Time coire-
lation of the trace with the various functional effects occurring in the,
system during firing ladicated that the five principal noise souxrces
ware: primer initiation (pt 1, Figure 49), precursor wave exit {pt 2),
blow-by exit (pt 3), projectile exit (r¢ 4), and reverberation and jet
noises after projectils exit {pt 5),

The primer initiation noise started and continued after
the firing pin hit the primer. The high frequency, long duration, and
low amplitude indicate that it was primarily mechanical in nature.
The peak SPL of this noise five metere from the system was approx-
imately 93 db, The precursor wave formed in the gun barrel exited
from the silencer approximately one ris 2fter the ficing pin bottomed.
The precursor scund pulse, although not very distinct, seems to have
had a peak SPL of about 94db. The blow-by wave, caused by gases
by-passing and the projectile in the silencer, exited 0, 3ms later,
The sound pulse (pt 3) jue to this blow-by had a peak JPL of 104 db,
The projectile exited approximately C.4 ms after the blow-by wave.
The efflux of gases fullowing the projuctile exit was fairly mild
since the event was barely distinguishatle from the secondary acous-
tical effects (such as reverberations and turbulence) occurring at
this time, The noiee generated during this event seems to have
been about 106 db peak SPL. Following the projectile exit, tnere
w2¢ a relat‘vely random prolonged noise generated by the reverber-
ations inside the silencer and :he jet turbulence, The sequence and
magnitude of the various sound pulses of thia noiss are incons. stent,
varying from round to round, In generil, for any one given round
the maximum and average peak SPLs of this noise are in the vicinity
of 112 db and 104 db, respoctively.

Although the silenced Sten barrel is somewhat bulky, in
general it compensates for this bv very 2ood acoustical performance
and long service life, To a subjective listener, the system sounded
as an abrupt initiation and gradual cessation of a relatively mild hiss.
Compared to other silencers and silenced barrels with respectabdbls
energy outputs, the Sten was one of the quieter systemes ¢ested «t
Frankford Arsenal,

Silenced Sten Barrel, Type II

Externally, the Type 1 and Type I silenced Sten barrels
are almoat identical, The two barrels are also similar in principle;
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however, edach contains a slightly different set of internal components
(Figures 46 and 50 and Tables ¥ and XI), The Type Il is distinguishable
primarily in that its gun barrel ie slightly shorter and contains two

sets of bleed holes; its Tetal baffles {focwer in number) are somewhat
conical in shape; and, at the forward end, it holds three felt washers.

In the barrel tested at Frankford Arsenal, the front conical
baffles Lad been modified previously, as showm in Figure 50, pre-
sumably for experimental purposes, Acoustically there spems to
be little apparent reason for this modification; if anything, it made
the system slightly louder. Originally, acoustical performance of
the two barrel types was probably very similar,

Figure 5! shows and identifies the sound consticuents of
the silenced Type I Sten barrel fired with the test action skown in
Figure 48, The trace was recorded five meters directly to the side
of the weapon. The first diatinact noise recognizable on tha trace
(ptl, Figure 51) was a scund generated approximately when the firing
Pin hit the primer. Thisseriesofpulses, with its relatively low peak
SPL of 93 db, was essentially mechani<al in nature, The next sound
pulse (pt 2} was the first noise emitted from the silencer rmuzzle,
Thie pulze of 101 db peak SPL was geneirated by the blow-ly occurring
through the gun barrel bleed holes.

The rext sourd pulse (pt 3) corresponded to the tim= vten
gun barrel muzzle blow-by exited the silencer. This sound pulse
had a peak SFL of 104 db. The next, and highest, sound pulse (pt 4)
was generated by the exit of propellent gas which bypassed the pro-
jectile through the modified front baffles, Exit of this hlow-by wave
2ave rise to a pulse of 113 peak SPL, The projectile exited approx-
imately 0,01 ms later,

The initial efflux of gases following the projectile exit
resulted in a positive pulse {(pt 5} of 104 db psak SPL. Following
this, the steadilv discharging gas gave rise to turbulence which,
combined with reverberations aithin the silencer, generated a pro-
longed neise {pt &) of approximately 100 db peak SPL, Characteris-
tically, this noise was of random nature, varying {1om round to
round,

To a subjective lisiener, the Type 1l Sten sounded like

a clap-initiated, gradually diminishing hiss., In general, it seemed
comewhat louder than the Type I Sten,
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TABLE XI. 9 mm Silenced Sten Submachine Gun, Type Il Barrel

Projectile
Weight
Diameter
Velocity (at silencer exit)
Energy (at silencer exit)
Travel at peak ballistic pressure (estimated)
Travel in barrel
Travel time in barrel (estimated)
Travel time in silencer

Propellant
Weight {(WCC-6102, double base, web ~. 0,003 in,)

Chamber volume

Ballistic pressure
Peak
At barrel muzzle {(estimated)

Silencer Characteristics
Passage diameter {for projectile)
Passage diameter in cld {eit baffles (when tested)
Free volume around gun barrel
Free volume in front gilencer portion

Silenced barrel
Weight
Length
Diametex

Standard Sten gun barrel length

Silenced submachine gun weight {without magazine)

86

115 gr
0. 356 in.
1000 {ps
258 ft-1b
0, 3 in,
3.1 in,
0.3 ms
0.91 ms

6 gr (+ 0.3 gr
primer)
0,038 in, 3

31,000 psi
400 psi

0,50 in,
0. 3 in,
2.7in.3
13,0 in, 3

2.51b
13.5 in.
1.5 in.

6 in,

7.9 1b
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9 mm P38 Walther Pistol/AAl Silencer

The 9 mm AAl experimental silencer (Figures 52 and 53 and
Table XII) was manufactured »y Aircraft Armaments, Inc. about
the same time as the caliber . 22 silenced AAI test fixture (see
page 21). This silencer is adaptable to a P38 Walther pistol by re-
moving the front sight and securing the silencer to the barrel muz-
zle with an adaptor sleeve. Although it is rather bulky and acous-
tically not too irnpressive, its data are deemed useful for comparison
with other silencers and silencing {ixtures,

The 9 mm AAI silencer is essentially a eimple, baffled, expansion
chainber, 5 inches long and 2,5 inches in diameter. The steel siiencer
housing holds eight baifles and nine spacers, all aluminum. Seven of
the 2qual chambers formed by the baffles contain loosecly packed rteel
wool, removal of which does act see'n to affect the systern acoustically.
There is a :'ubber diaphragm with an X-slit at the silencer muzzle,
presumably to restrict gas flow, At Frankford Arsenal this diaphragm
required frequent replacement as ic was easily de#troyed by the ex- i
iting projectile, Later it was found that the diapbragm had little ;]
acoustical cffect even when new, probably because it was too thin.

posy

The outstanding features of the AAI silencer are its vesy large
volume (19 in. 3) and the surprisingly inrge projectile clearances (a
0.5 inch diameter passage for a 9, 35 inch diameter projectile}), The
following sound data are irom the firings made with a special subsonic
cartridge (ece Table £I1),

Figure 54 shows the sound pressure-time history of the 9 mm P38
pistol without the silencer, recorded 10 meters to the side of the
werpon. The first sound pulse {pt 1, Figure 54} was due to the pce- b
cursor exit from the gun muzzle. TLis pulse had a peak SPL of 127 db. 4
The projectile exited the gun muzzle approximately 0. 4 ms after the
precursor. The accompanying propellent gaa discharge gave rise to 4
a sound pulae (pt 2) of 139 db peak SPL, The pesitive puise (pt 3) is
a ground refleztivn of the blast pressure wave. }

g

%

T A L

The sound signature of the P38 pistol with the AAI silencer is
shown in Figure 55, The rnain noise constituents of the system were
identified as: primer initiation {pt 1, Figure 55), precursor exit
{pt 2), blow.by exit {pt 3),and projectile exit (pt 4). The first significant {
noise during firing was that due to gas leakage around the cartridge
case, The peak SPL of this noise was approximately 991b., Thc next

88
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TABLE XII. 9 mm P38 Walther Pistol/AAl Silencer i '
E
Projectile

Weight 115 gr

Diameter 0. 356 in,

Velocity { at silancer exit) 925 {ps

Energy ( at silencer exit) 220 ft-1b

Travel at peak ballistic preasure (estimated) 0.4 in.

Travel in barrel 4. 35 in.

Travel time in barrel
Travel time in silencer

Propellant
Weight (M9, double base, flake, web ~ 0.003 in.)

Chamber volume
Ballistic pressure
Peak
At barrel muzzle
Silencer
Paessge diameter (for projectile)
Weight
Free volume

Pistol weight (withcut silencer)

Time between precursor and projectile exits
from siiencer

91

0.46 ms (approx)
0.43 ms

3 gr(+0,3gr
prime )
0.C38 in, 3

22,400 psi
1,800 psi

0. 50 in.
3 1b.
19 in, 3

2.11b

0.43 ms
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round pulse (pt 2) was generated when the precursor ex«ited from the
silencar, Tts peak SPL was 105 db. The blow-by wave generated at
the gun barrel muzgle exited from the silencer after the precuraor,
This blowsby pulase, with its peak SPL of 120 db, represented the
system's loudest offect, The projectile exited about 0. 2 ms after the
blow-by wave. Gas flow at the silencer exit evidently was altered little
by the projectile since the event is not discernabie on the scope tracs.
This, of course, was to be expected with the large blow-by clearances
and volume. To a subjective listener, the system sounded unquestion-
ably louwd,

9 mm Walther MPE Submachine Gun/West German Silencer

The MPK silencer (Figures 56, 57, and 58) was reportedly
developed in West Germany sometime aiter 1963, when the 9 mm MPK
<ubmachine gun itself was introduced, Although somewhat bulky snd
internally elaborate, it is ruggedlyconstructed, well finished, and
readily adaptable to a standard MPK weapon. The construction of the
silencer, its rize and acoustical periormance suggest that it was built
86 an experimental model-shop item,

Luternally, the MPK silencer (Figure 56} consists of a 10 inch
long by 2 inch diameter expansion chamber containing an elaborate
assortment of geometricaily complex tubes, vanes, and cones, Except
for two steel end pieces and the sieel turbine-~like vanes, the silencer
is made entirely of aluminum, Beginning at the rear, the silencer
starts with a simple 1. 5 inch long expansion chamber, followed by a
tubular spool,outside-vaned atthe rear and closed at the front, The
steel vanes forming one #nd of the spool are brazes to the aluminum

tube, After the spooi come two ccnes, an expansion chamber, and
another ccne.

All Frankford Arsena] sound tests on the MPK were made
with specizl rounds loaded for subsonic velocities (Table XIUI!., The
sound history of the MPK without the silencer is shown in Figure 59,
The weapon's main noisz, like that of most other unsilenced systems,
was due t0 the prccursor wave and the projectile exit blast. The two

positave pulaer five meiers to the side of the MPK were, respectively,
i3] and 140 db peak SPL.
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TABLE XilI. 9 mm MPK Walther Submachine Gun/Cerman Silencer

Projectile
Weight
Diameter
Velocity (at silencer exit)
Eaergy {(at silencer exit)
Travel at peak ballistic pressure (estimated)
Travel in barrel
Travel time in barrel {(eatimated)
Travel time in silencer

Propellant
Weight (M9, doublebase, flake, web ~ 0,003 in,)

Chamber volume
Ballistic pressure
Peak

At barrel muzzle (estimated)

Silencer
Passage diameter {for projectile)

Weight
Free volume

Unsilenced submackine gun weight {(without magazine)

Time between precursor and projectile exits from
gilencer (es:imated)

98

115 gr

0. 356 in.
1000 £fpe
255 ft=1b
0.4 in,
6.32in,
0.62 ms
6.79 ms

3gr{+0.3gr
primer)
0,038 in, 3

22,400 psi
1,400 psi

0,41 in,, 0, 44 in.,
and 0, 55 in,

1.5 1b {approx)
15,0 in, 3

6.2 1b,

0.89 me
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Although not visible in the trace of Figure 59, the MPK has a
relatively loud, prolonged, mechanical noise, This noise is due
primarily to the forward slap of the bolt agalnst the breech and
consequent vibration of the weapon's mechanical components, The
sound trace of the weapon, fired dry, without a cartridge, is shown
in Figure 60, The peak SPL of the MPK's mechanical noise was
approximately 105 db five meters irom the weapon.

The sound history of the silenced MPK, firing a2 subsonic car-
tridge.is shown in Figure 61, The gystem's first significant sound
{pt 1, Figure 61) corresvonded to the time of primer initiation. The
firet positive pulse of this sound (approximately 106 db}, five meters
from the weapor, was due to the forward slap of the bolt against
the gun breech, Approximately 0.2 ma after the bolt bottomed, there
was a sacond positive pulse of 114 db peak SPL due to rearward gas
licakage around the cartridge case. Following primer initiation came
the first noise emitted from the silencer muzzle, This wae a pulse
{pt 2) of 108 db peak SPL due to the exiting of the precursor wave
generated in gun barrel, The blow-by occurring in the silencer ex-
ited from the muzzle approxirnately 0.4 ms later. Tkis gave rise to
a positive pulse (pt 3) of 116 db peak SPL. The projectile exited
about C. 4 ms later. This generated the system's largest pulse - 118
db peak SPL. Following this there was a series of smaller random
sound pulses due to reververations inside the silencer,

Figure 62 shows, essentially, only the muzzle noise of the
silenced MPK, The record waa obtained by wrapping the weapon
with a suede coat. The effect can be seer most readily in the barely
visible primer initiation noise (pt 1, Figure 62) and the more cleariy
defined precursor pulse (pt 2). ’

In comparison to otker systems, the silenced MPK sounded
somewhat louder than the 9 mm Stens and quieter than the caliber , 32
and 9 mm Welrods, Qualitatively, the MPK sound signaturc could
be described as a somewhat muffled clap, immediately followed by
a diminishing hisa.

Caliber . 45 Silenced M3 Submachine Gun (Figure 63)

. Bell Laboratories Siienced Barrel

During World War II, Bell Laboratories investigated si-

lencing cf various weapons, including the caliber . 45 M3 submachine gun.
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A silenced M3 barrel (Figures €64, 65 and 66, and Table XIV) was
designed and presented to the Infantry Board for evaiuation, Conclu-
sions from the tests were that the silenced M3 was quiet, but still
detectable at close ranges., A thousand silenced barrels were re-

portedly built and supplied for use by the Office of Strategic Services
(0S9).

The Bell Laboratories silenced barrel consists essentially
of a drilled gun barrel and a silencing chamber surrounding and ex-
tending beyond the gun barrel muzzle. Along its length, the gun barrel
has 48 holes (0,25 inch diameter) which are positioned ia four straight
rows., During firing, some of the gases are bled off through the
holes, with a consequent reduction in the ballistic gas pressure and
the projectile muzzle velocity,

The rilencing chamber is composed of two sleeves of
different lengths and diameters, connected by means of a reducing
bushing. The rear sleeve encloses a roll of wire mesh which sur-
rounds the drilled gun barrel; the forward sleeve, which extends
beyond the gun barrel muzzle, contains a stack of wire mesh discs,
The projectile passage thrcugh the wire mesh discs is 0,05 inch
in diameter,

The mechanical noise associated with firing the silenced
M3 submachine gun is substantial, if not dominant, As with the Sten
gun, it was found more realistic to svaluate the silenced M3 barrel
without the overshadowing mechanical noise. Contcequently, the
sound results cCescrited herein were obtained with the silenced bar-
rel held in a special single shot test fixture.®* The following sound
records were rec. rded by an Ampex 351 tape reco-der before being
transferred to the osciiloscope and the camera film.

Figur: 67 shows a scope trace of the sound pressure-time
history of a standard caliber ., 45 M3 barrel (7.5 inches long) fired
with a test fixture, The trace was recorded ten meters to the eide of
the weapon, The two promineit sound pulses on the trace were due
to exiting of the precursor wave (pt 1, Figure 67) and the gas dis-
charge following the projectiic exit (pt 2). The two pulses were,
respectively, 115 and 130 db peak SPI,,

Sound signature of the Beli Laboratories silenced ba-rel
and test fixture is shown in Figure 68. The main sound pulses were:

*See Figures 71 and 72
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Silenced Barreil

Projectile
Weight
Diameter
Velocity (at silincer exit)
. Energy (at silencer exit)
Travel at pexk ballistic pressure (estimated)
Travel ‘n barrel
Travel time in barrel {estimated!
Travel time in silencer

Propellant »
Weight (HPCl, double base, flake, web~ 0, 002 in,)

Chamber volume

Ballistic pressure
Peak

At gun barrel muzzle (estimated)

Siiencer
Passage diameter (for projectile)
Free volume around gun barrel
Free volume in front porticn
Volume, rolled wire mesh (brass)
Volume, stacked wire mesh discs (brass)

Silenced barrel
Weight
Total length

Standard M3 tarrel

Weight
Length

109

TABLE X1V, Caliber ,45 M3 Submachine Gun/Bell Laboratories

235 gr
0. 450 in.
768 {ps
310 fe-1b
0.22 in.
7.4 in.
0.95 me
0.49 ms

5zr(+ 0.4 gr
Primer)
0.061 in,3

20,000 psi
200 psi

Q. %0 in.
7.2 in.3
2.5in,3
2.9 in, 3
2.8 in,3

2,63 1b
14.2 in,

:1.251b
7.9 in,

Standard M3 submachine gun weight (without magazine) 8.1 1b
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primer initiation (pt 1, Figure 68), bleed hole blow-by exit (pt 2},

gun barrel muzzle blow-by exit (pt 3j, aszd projectile exit (pt 4;. The

bleed hole blow-by (pt 2) and the gas discharge following projectile :
exit {pt 4) constituted the rnain noise rources of the system. Bath

pulses had a 107 db peak SP/., The gun barrel muzzle blow-by re-

sulted in a2 sound pulse (gt 3) of 101 db peak SPL.

& et

SRS
=

i YN AL S s S SR IR

Although the Bell Laboratoric2 silenced barsel reduced
projectile velocity of the standard M3 submechine gun from 920 of
770 fps, the projectile muzzle energy still remained a respectable

310 ft-lb, This is only slightly less than the onergy of a caliber .45 )
pistol and 50 ft-lb more thar the erergy of the tested 9 mm silenced :
Sten gun,

o a subjective listener, both systems (Bell Laboratories
M3 and thie 9 mm silenced Sten) scunded comparable in loudness,
However, each weapon had its own characteristic sound signature -
the M3, a mild clap; the Sten, a distinct hiss, A disadvantage of

the M2 is that the wire mesh requires pariodic cleaning and replace-
ment, \

e

7

AMEF Silenced Bzrrel

The AMF silenced M3 barrel (Figures 69 through 72 and
Table XV) is an experimental item manufactured in the 1960's by
Americaa Machine and Foundry Company (AMF). It utilizes a 5.6 in,
long gun barrel and a 1, 25 in. diaraeter silencing tube which surrcunds i
and extends 9 inches beyond the gun barrel. Whereasthe space sur.- 1
rounding the gun barrel is aot nwilized, the fro.® portion of the tube
forms the system's silencar. This front section is filled through-
out its length with closely stacked wire mesh discs, separated oy
five irregularly positioned rubber discs. In the silenced barrel
tested at Frankford Arsenal, the projectile passage through the
rubber discs was approximately 0,5 inch in diameter. Originally,
these discs probably partially or completely closed off the silencer
interior. The gun barrel of the AMF system 18 2 inches ghorter than
that of a standard M3 weapon, This, however, results in only a
alight reduction in projectile velocity,
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The AMF silenced barrel was tested at Frankfiord Areenal
with & single shot fixture, shown in Figures 71 and 72. Figure 73 _
shows the scope trace of the sound pressure-time history of the 5 6inch 1
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TABLE XV, Caliber .45 M3 Submachine Gun/AMF

Silenced Barrel

Proje:tile
Weight
Diameter
Velocity (at silencer exit)
Energy {at silencer exit)
Travel at peak ballistic pressure
Travel in barrel
Travel time in barrel
Travel time in silencer

Propellant
Weight (HPC1, double base, flake, web ~ 0.003 in.)

Chamber volume

Ballistic pressure
Peak
At barrel muzzle

Silencer
Projectile passage diameter in wire mesh discs
Projectils passage diameter in old
rubber discs
Free volume (forat of barrel)
Free volume around barrel (unused)
Volume, stacked brass wire mesh and rusber discs

Silenced barrel
Weight
Length

Standard M3 barrel
Weight
Length

Standard M3 submachine gun weight
(without magazine)

Time Letween precursor and projectile exits
from silencer {estimated)

235 gr
0.45 in.
910 fps
435 f¢-1bL
0.22 in,
5. 6 in,
0,85 ms
0.83 ms

5gr(+0,48r
primer)
0.061 in, >

20, 000 psi
1,600 nai

0.50 in,
0.50 in.
4.9 in. 3

2.9 in. 3
4.5 in.3

2.5 1b
15.1in,

1.25 1b
8.0 in,

8.11b

0.56 ms
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long gun barrel without a silencer. The trace was recorded ten
meters to the side of the weapon. The two prominent scund pulses
on the trace were due to precursor wave exit (pt 1, Figure 73) and
gae discharge following the projectile exat {pt 2). The corresponding
peak SPL's of the two pulses were 113 db and 130 db.

Sound presgsure-time history of the AMF silenced M3
barrel (with old rubter baifles) is shown in Figure 74. The first
sound recorded upon firing the system was gererated at the time of
primer initiation, The low peak SPL (~93 db) of this sound indicates
that it was primarily mecharical in nature. The next sound pulse
{pt 2, Figure 74) was generated when the blow-by wave exited {from
the wvilencer, This wave, formed by gases bvpassing the projectile,
resulted in a peak SPL of 127 db., Projectile exited from the silencer
spproximately 0.65 ms later, giving rise to the positive palse (pt 3)
of 121 db peak SPL.

In general, firing of the AMF silenced barrel was char-
acterized by a relatively sharp crack, perhaps only slightly quieter
than that of a standard caliber , 22 Short pistol, Better acoustical
results would possibly have been realized if tlie rubber discs were
new. However, the system's loudness would probably still be limited
by noise due to abrupt emergence of the massive projectile. (See data
on 9 mm Welrod.)

CONCLUSIONS

The more important physical, functional, and acoustical data
of the tested silenced and uneilenced weapons are tabulated in Table
XVI1., The peak SPL's of the various pulses in this table were taken
from the preceding sound scope traces, In cases where the sound
scope trace was recorded at a distance other than five meters, the
data were extrapolated for comparative purposes.

Although in most weapons the major 3ound pulse was generated
at the time of projectile exit, there were some weapons (such as the
caliber . 22 Frankford Arserzl silencer, caliber . 30 carbine, etc,)
which gnerated the largest pulse becaue~ of blow-by, Some weapons
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{with gun barrci bleed holes) generated a large sound pulse due to
bleed hole blow-by. In all weapons except the caliber .45 Bell Lab-
oratories silenced barrel, thia pulse was secondary in magnitude,

The primer initiation peak SPL was found to vary ‘rom weapon
to weapon, There were even svbstantial differences betv ezn similar
weapons. However, since in most cases the largest primer initiation
pulse was due to gas leakage around the cartridge case, substantial
differences in SPL could be attributed to minute differences in car-
tridge chainber clezrance or simply to dirt accumulation in the weapon,
The highest primer initiation SPL was *hat of the 9 mm MPK (114 db),
The caliber . 32 sleeve gun had the lowest initiation pulse with a peak
SPL of only 87 db,

For some of the silenced wezapons, sound scope traces were
taken at various distances (1, 5, and 10 ineters), Although the data
are not included herein, it ies worth mentioning that with some silenced
weapoas the peak SPL readings at 1 and 5 meters were found to differ
by asmuchas 18 db, This is a 4-.db greater attenuation than would be
expected from a simple spherical expansion. From 5 to 10 meters,
the peak SPL of some weapons was atteruvated by nearly 7 db instead of
the normal 6 db., It was also noticed that with distance, some changss
occurred in the general shape of the various sound 8ignals. In each
case many of the short sound pulses tended slowly to coalesce, thus
defining more ard more clearly such pulses as precursor, blow-by,
etc,

The above effects car be attributed to the fact that high sound
pressures propagate at a slightly faster velocity than lower sound
pressures.* Althouzh the phenomenon may bear little significance
in general acoustics, in Frankford Arsenai tests it wes found suffi-
cient to induce a slow, but noticeable, change in the shape of the
verious major pulees toward that of a balanced N-wave,

Throughout the sound tests, ~fforts were made to notec how each
weapon sounded to 3 listener, particularly in terms of quality and re-
lative loudness. These impressions were later compared with the
corresponding sound scope traces, Although, at most, only 3everal
listeners were invoived, the conssnsus is nevertheless interesting.
Almost inveoriably sound signatures with onc or several shock pulses

*See Appendix C
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sounded sharp and snappy; the signatures containing 2. large number
of pulses or sirnply mcre 'hash'' also sounded snappy, but lese
sharp, more prolonged, more muffled, and more rardoam in quality,
Sound signatures which were predominatly *hash" (such a8 those of
the Sten, Maxim, and carbine) sounded like an abrupt initiation of a
hiss (or hish), All sound signatures cortaining distinct and cecog-
nizable shocks seemed more piercing.

Although the quality of each sound rignature was definitely rec-
ognizable, the primary factor determining the relative loudness was
found to be the signal's peak SPL,#¥ Whether by coincidence or design,
the weapons with higher peak SFL alinost invariably sounded louder
and rhore perceptible., This, uf course does not discount the fact
that there may be other dominant factors affecting a given weapon's
detectability at large distances. Ag an example one could consider
the faster attenuation of short pulses with distance,

Compiled experimental sound data i: icate that rhe better ei-
lenced systems registered a peak SPL of approximately 110 db five
meters from the weapen, In most weapons, ihe main gound source
was the abrupt discharge of propellent gas, In some weapons (those
with flexible baffles) the noige due to gas discharge was relatively low;
howuver, the abrupt projectile emergence at the muzzle generated a
noise just as undesirable. The precursor wave of an unsilenced
weapon generated a peak SPL in the vicinity of 120 db, Most of the
straight-through silenced weapons tesied attanuated the precursor
down to about 90 db. The mechanical noise was found to depend on
system design, In some of the quieter weapons, mechznical noise was
in the vicinity of 90 db,

Evaluation of the compilad experimental and theoretical data
indicates that a siienced systern qui¢ter than the weapons tested at
Frankford Arsenal is feasible. Howcver, a eystem with noise level
below 90 db ut five meters will most likely evulve gradually and only
with a fuller understanding of the noise-generating mechanisms.,

RECOMMENDATIONS

1. Conduct analytical design of an optimum silenced small arms
weapon based on experimental and anaiytical datz generated to date.

*See Appendix F 123
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2. Continue tnalytical study of noise-generating and attenuating
mechanisms in small arm weapons.

3. Acoustical evaluation of small arm weupons should be based
on identification and interpretation of individual noise sources de-
termined from oscillozcope traces of the overall weapon zound history.
Feak scund pressure level should be establighed as a factor of primary
s.gnificance,

b 1%
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APPENDIX A
BALLISTIC CRAZK FIELD

When a supersonic projectile exits an ungilexced gun barrel,
the uncorked propelient gasee gonerate a spherically axpanding blast
wave, The wave initially bypasses the projectile; howevar, dissipating
rapidly, it slows downto aimost sonic velocity and i¢ overtaken by
the projectile within a maiter of a few feet from the muzeie. Later,
in the free far field, the initial prcjectile lag is overshadowed by the
linear geometzic exprasions, and projectile, muzzle blag:, and bai.
listic crack acquire approximastely the p:oportional relationship shown
below,

HWUZZLE BLAST \

MUZZLE BLAST PASSED
OVER BY BALLISTIC

\ BALLLSTIC CRACK !

Herethe sound fi~ld cousisis essentially of ballistic crack, muzris
blast, and muzzlc blast passed over b Lallistic crack. The arzcous- 1
tical significance of ballistic crack and muzzle blasthave been pre-
vicualy considered® It only remains to mention thatihe saction of
muzzle blast wave, having becn passed over by the ballistic crack, 4

*Sec Appendix C and Referenzu 46, 1 l
125




essentially suffers only slight refraction and scattering by turbu-
lence.

In the far field, tha ballistic crack cone i nearly tangentia: to
the blast wave sphere, '

The angle beiween the ballistic wave enveiope and the projectile
trajectory depends solely oo the projectile welocity 46 It is expressed

by: 1
o= nt (=)

where M = nrojectile Mach No.

{1

The azimuth angle {rom the weapon to the tangency point of
blast and ballistic wave envslopes is expressed oy: A

8 = tan =} (,/Mz- 1) (2) j

The plot of tha ballistic crack field half-angle, 8, is abown below.
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Thus, it is seen that,with the usual supersonic projeciile velocities,
the ballistic crack is confined to approximately a 130° cone to the
front of the w2apon. The cone increases to 160° with projectile
Mach number of 6. At Mach 1,5, the cone decreasen to about 100°,
aud at Mach 1 it vanishes altogether.

The above data find application when silencing a supersonic
weapon, Thus, although the silencer will effectively attenuate muzzle
blaet the ususlly loud and far raaging ballistic crack will still persist
within the dcfined {ronial cone. To the side and the rear will be
heard the #sa.newhat weaker, spherically expanding ballistic crack
reflecting frormn the weabpon,
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APPENDIX B

SUBSONIC PROJECTILE FLIGHT NOISE

Subsonic projectiles generate noise in flight. Although this
noise is much quieter than that of supersonic projectiles, it can be
quite loud an' detectable at large distances from the projectile
trajectory. To the side of the passing subsonic projectile, one hears
the characteristic swish; firet increasing, then diminishing io in-
tensity. Although thisnoise, likeall turbulence-initiated noises, can
have a aocmingly rardom quality, in the far ficld it is generally found
to be periodic.4 Its frequency depends primarily un the flow valocity
and the diameter of obstruction in the flow; however, &8s will be seen,
several other factore muet also be given consideration. A typical
subsonic, small calibev, flat based projectile geuerates about 95 db
peak SPL at 10 meters from its trajectory. In comparison, the
more streamlined projcctiles are generally found substaatially
quieter,

The basic noise-generating mechanism of subsonic projectiles
consiste, briefly, of the following. Throughout the prujectile flight
e certain arnount of air within the turbulent boundary layer follows
the projectile. (See simplified figure below,)

o R DETACHED VORXEX

The velocity differential between the surrounding air and the air
traveling with the projectile generates shear forces which rccelerate
tl.e air within the boundary layer into 2 vortical apin, The attached
spherical vortex size increases simultaneously with incr-ased spin
unti] the vortex is finally warhed downstream. Thus, ths amount of
air traveling with the projectile decreasex and the process repeats,
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The energy of the attached spherical vortex?? propagating at
the velocity of the projectile is

Eym opb3 pg V2 _— (

where

b = vortex diameter, projectile wake diameter;
Po = air density;
¥ = projectile velocity.

The energy expended by the projectile to generate 2 single vortex is:

Ep~ (Cp malle¥ "2)_‘! (2
4 2 1
where
v2
Cp = projectile wake area drag coefficient, P‘bl—?—nz-—-:

f = projectile vortex shedding frequency.

Upon 2quating the above two equations, it is found that

7Ch v
=f) 5 )
Thus, the projectile vortex shedding frequency acquires the familiar
form of Strouhzl frequency, f = (const) V/b, For flat tailed projectiles,
Cp has a typical value of 0. 2. When the flow is fully attached, which
is the case with projectile boal tail tapers not exceeding about 15°,
the wake diameter ¢ 1 generaliy be assumed equal to that of the pro-
jectile base flat. If the {low separates before the tail end, then the
wake cross-section arsa can be taken ae approximately the average
projectile area between tail and point of separation.

Representing the sound generating projectile as a moving,
moropole scurce, the far field sound preesur= to the side of the pro-
jectile becomes

2
p= 1 ,d%4m )
4nr \ de? (4)

?
w
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where

r = distance from projectile trajectory;
dzm

dt2

= timme change of air mass flow ra:e,!rom and toward
projectile,

The sound pressure,as a function of time,can be repreesented by
P = Py 8in 20ft (%)
where

P = Peak sound pressure;
t = time.

Combining Equations 4 and 5 and integrating, the air mass flow rate
at the projectile is found to be represented by

@;—‘;-‘): -?—r%"-l cos 2mft, (6)

Integration of above equation over a tixﬁe period of half a cyels yields

the periodic change in air mass attached to tha projeciiie an

M:E.:'_;_*.‘. n

Thus, the peak sound preasure as a function of frequency and period-
ically transferrable mass becomes

A

= 5 (8)

Pm 2r

But,the transferred mass it the projectile is that of the spherical
vortex; i. e.,

(9)

M"‘-z-bsp

o

el L e
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Combining Equations 3, 8, and 9, the peak sound preasure generated
by the tubsonic projectile is found to be

agr? bGEAV2
Pm * 730 r (10)

Thus, knowing the projectile shaps and velocity, Equation 10 may Le
used to estimate the peak sound pressure., Comparison ef such
estimates with experimental data available to date* {rom a few
variously shaped projectiles indicated reatively good agreement,

*Unpublished Frankford Arsensl data
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APPENDIX C

GUN MUZZLE BLAST

In the far field, a noise gencrating tube can often be treated

'R as a simple accoustical monopole source; 26, 3% ¢that is, its sound

: diverges as a symmetrical sphere. This is most readily borne ot

0 by the schlieren photagraphs of discrarging shock tubes and abruptly

_.{‘" uncorked pressurized cylinders (iacluding small arm weapouns). 5, 18

p Each of these cases almcst invariably shows the initial shock expanding
sphesically frora the tube mouth., It may naturally be further inferred
* that the air or gas behind the expanding shock also moves spherically
away irom the rource,

Physically, a monopole source can be envisioned as & spherical
baloon expanding or contracting uniformly in all directions, thus gen-
erating sound pressureswhich also diverge unifgrmly in all directions.
The far field cound pressure for such a source™  is given by

e w (58)
4rr \ ae2 (1)
where
p = far field sound pressure
Py = ambient air density;
r = distance from source;
2 = volume of ambient air being displaced by source;
t = time,

Algebruic manipulation and integration of the abeve equation yields

S
fatt

N o
i3 [pae - 22 (82) @

e
Ey

where

(‘—:lito) = instantaneous air volume displacement ratc at the source;

Ipdt = curnulative area under the sound signal's pressure-

time trace.
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With a scurce {such ar a pornua sphere, a nozzle, etc.) of constant
discharge area emitting gas, the air displacement dependa on the quan-
tity of gat being discharged and on how this gas expands from discharge

- to atmospheric pressure, In cases of interest the expansion process
is generally very nearly isentropic. Thus, the instantaneous air
volumes digplacement rate can be expressed by

(%Q—) )”Y Agu, (3)

where

absolute pressure of gas at discharge;

ambient air pressure;

gas ratio of specifi. Y-eats;
gas discharge area;

gas flow velccity at discharge,

nF r?“‘O'U r:u

e
,

et Ko oy,

1.
FRGES PO ARG W 0o I w55 G R S

The scund signal wvressure-time area becomes related to the
source gas flow pararneters Uy

.
P

Hvd* 2B M an | @

Thus, it ie seen that the cnmulative sound signal irapulse ie directiy
proportional to tlie volumetric air or gas flow rate at the source,
That is, the positive and the negative scund pulses represent, re-
spectively, an increase and a decrease in gas flow rate. Fuither,
since a given increase in gas flow must eventually be followed by an
equal decres fe in gas flow, it follows that a transient signal must
necessar.ly congist of both a positive and a negativc portion. Each,
however, may be variously distributed throughout time. Although
Equation 4 is s\wficient to describe the sound field due to change in
gas flow over a finite time, it is insvfficient for application to prob-
lems involving abrupt initiation or cessation of gas flows,

iy
A SR O

Consider a point source of spherical discharge area, A, IS
the source abruptly starts and continues discharging gas at a steady
rate. a sawtooth sound pulee will emanate from the source (see
sketch).
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Steady flow conditionu will be established behind the sound pulse,
where gas flow rate will be

Agpru = Apu {5)
where

2
scurce gas discharge area, 4nb<;

gas discharge density;
gas discharge flow velocity;

area, density, and tlow velncity at some distance from the
socurce,

2z

b4
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1f, at the source, the discharge conditioas are supersonic, i, e,,
flow velocity is equal to local sonic velocity, then in the range
b 5£'x < xq, :

p1/Y
° = (&) (6)
and
¥-1
‘@ P n
u = “t(E: = “té'p:") 2y {7
From Eguations 5, 6, and 7,
2y
Ay \ VFT
P=-P, (m) (8)
and
!-l
us=u (..f.‘_.)‘ﬂl (9)
where

Pt = absolute pressure of gas at discharge;

a; = discharge sonic velocity;
x = distance from center of uource;

P,a = absolute preesure and sonic velocity at some distaace, x,
from source.

At distance xg {rom the source, the gas will have fully expanded
to atmospheric pressure, At this location, x = xg,

P=P, (10)

From Equation 8,

vy+1
o\
P

- At ————
xo-\-;"—( N, (11)




and from Equation 9,
-1
Fo ’ZY
“o = ut '-P!';“ (XZ)

where
u, = ilow velocily at pt xo.
Po = ambient air pressure,

Beyond the distance xg, the gas remains at constant density and
atmospheric pressure, Thus, for x5 < x,

PP, (13)
and N
1
P
0 = DC(FO“) (14)
t
and, from Equationa 5,
2 /P i/y A
dx _ o - *o\" _ St okt 48
W = B = “o(';) - ut\P°> 4‘"‘82 (15)

Lategrating Equation 15 for the boundary conditions of x = x, at

£ =0,
1/3 ¥4+l P 3y-1 1
SR Y\ Ll N e
xo - 4" PO, p; .
lw

X=X°[
.

T
and v -
Ft,

(¢}

u = = 7 = W =1 s (17)
3uct 2/3 A [T\ 2/3

which describee the location and velocity of a given discharge gas
prrticle with time, Consider now an avruptly initiated gas flow
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and the air particles immediately in front of the advancing gas front,
The air velocity and location can Le described by Equations 16 and 17.
The pressure of tne air is related to its velocity., Thue, if it is assumed
that the air acquired ita velocity by virtue of & pasning shock, ? then

the overpressure will be given by

Y+ 1 2 8
AP = PM + ey
3 YPh {i ‘/1+V(v+l)M l (18)
where
M = u/a,, 2ir flow Mach No.
AP = stztic gauge pressure.

For M *1, tie overpressure may be estirnated by

¥+ 1

AF ~ vy P M2 (19)
1f it is ussumed that the air in front of the dvancing gas front acquired
its vel-city through insentropic wave corrpression, then the overe
pressur® can be expressed by

2v

AP:PO [1"1‘%}0&{]\!-1 -ll (20)

F.r M g1, this overpressure may Le cetimated hy

LP ~ YPoM (1)

Whiche ver case is assurned, shock or iteatropic wave compression
(the actual case will be tomeplace between the two), it is evident
tnat a reasonable overall representation of the overpressure in
terms of velocity is obtainable with

k2
AP =~ M (e2)

wher=a

ky and k» = appropriaie constants,

-y
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Now, a spherical pressure wave diverging from its scurce can be
described by

APx ;
p = - {23)

where

1}

AP
P

overpressure at given distance x from center of goucce;

overpressure (or sound pressure) at distance r,

Sabstituting Equations 16, 17, and Z1 into Equation 23, the far field
sound pressure due to abrupt initiation of gas flow becomes

sy
s

YpoxOuO

Lo

a P'm

3 173 3u .t 11/3
4 r [ ot + 1 ] [__o + 1 j
Xo *o

Equation 24 describes a family of curves depending ou magnitude of
{ue/%xp) (8ce sketch below).

(p/py A

A{ It can be seen that in cach case the sound pressure decreauses

exponentially with time. The rate of decrease, however, depends on
the characteristic flow parameters >f the source. Except at the timne
{ when the scund pressure is very near ppy,, the factor 3ugt/xy is




hoantutibichon: povi Sy

substantiaily larger than !, and the scund pressure can ro estisnated by

(25)

Pm
P fagt1!/3
=5

Taking the time t as the representative time period of the sound
pulse and rearranging Equation 25,

(o \? 3 iy -1
Pr ) x, {Pm \[:"t P4
\ °. P 3u‘4" Ps (26}

t...._%.u_o.__

if the time period is established at a constant pressure ratio(pm/pl,
then it will depend only cn the scurce discharge area, discharge pres-
sure, and discharge velocity, and can be expressezd, generally, as

E\—_/P; v-1
\‘rf.'\zfa) )

e

T-=C {27)

where
C = an arbitrary constant,
This equation is s=cn to be similar in f%s%ﬂéhe Strouhal'' frequency

except {or the additional factor (Py/P,)" . Itis to be noted that
the sound pulse duration remains relatively independent of the equation

used for relatir; the air pressure to ite velocity, The only prerequisite

is that it ie of the form described by Equation 22,

Some iasight into the above problem is to ve gained by cone-
sidering the nernlinear propagation of stroag sound pulses, 13 con-
sider a relatively strong sawtooth sound nulse {shown in the {oliowing
sketch).
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By virtu= of higher pressure, the shock front (point 1) will progagete
fastar than the pulse tail {point 2). The velocity of the shock front

in

v+ 1]1Pm
Cs = 2 [l * 4y l';?; (28)

The pulse tail, of course, proragatee at approximately ambient sonic
velocity, ag. Due to this velocity differential, the pulae will tend to

streich out with time (and travel), Change in the pulse time duration
c&n be represented in differential form by

dT - XAl _Pm_ o (29)
4Y Poag
Covrresponaing to this increase in pulse time duration, the peak sound
preasuve vigll decrepse, For the spherically expanding wave front
the relationship Letween pulse pressure, duration, and travel can be
represented by

TPmr = T1Pm1T| (30)

T



where

'1‘l and p .= = pulse duration and pressure at some reference
location, r;

T and p,,, = pulse duration and pressure at some location, r,
Solution of Equations 29 and 30 indicates that the inztantaneoun peak

gound pressure of 3 sawtcoth pulse can be represcnted ir. terma of
its travel by

PmiT) 1)
p =
m v+l Pmlrﬁ ) -5-)4»1]”2
2y Po’oTi n ("l-

The sound pulse timie duration, as a function of travei, is

i/2
T = Tllv +1 P, (_’__ + l.] (32)
2y Poa,,'rl l'l

Thus, it is seen that the relative time duration of a sound
pulse with long wave length and small amplitide changes little
with distance from its source. On the other hand, short sound
pulses, especially those of high arnplitude, can significantly incrase
in time duration, This time increase is 2ccompanied by a proportionate
decrease in amplitude beyond that of the simple spherical expansion.

Coneaider now a long pressurized cylinder {sketch follow.ng)
containing a gas. Initially, the gas is at some absolute pressure,
P and absolute temperature, T,. Initial velocity of gas is zero.
As the cylinder is suddealy uncorked, & sawtooth sound pulse emanates
from the mcuth of the cylinder while a rarefaction wave travels in-
ward, Until the rarefaction wave reflects from the bottom of the
cylinder, the discharge conditions at the tube exit remain relatively
constant and dependent on the initial gas conditions. ‘

If the initial sound pulse due to abrupt initiation of gas flow is repre-
sented by a right triangle of amplitude, v, ,and time duration, T, then

T
jpdt -~ .‘3.’%‘... 133)




0 x4 x "
and, from Equation 4, the peak sound pressure becomes
po P 1Y
Pn & S50 (‘F;) Agut (34)

where Ay, Py, and u. are, respectively, discharge area (nd?'/-i), pres-
sure, and velccity.

Gas disclarge from the cylinder depends on the initial gas conditions, 2,29

¥R < po(_x_%l)zw’v- 1 w3.6P,,

Py = P (35)

=1 ¥~ 1
we ok "‘(-Pg) 2 *‘-——-\z% P-! -NTF e
= w-n| \P - INT, i)
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and subsonic coanditions prevail at the tube exit, i.e., locally, tflow
velocity is smaller than sonic velocity,

If the initinl gas pressure is P| 2 Po( > )
rFal
2 \— 37
pt b pl(m)v-l w.ZSPl (37
2a; 22, [Ty (38)

W WYn C yriVT,

In this case the gas is discharged at a velocity just equal to its local
sonic velocity, This ie the usual case found in unsilenced (and most
silenced) weapons, as here the pressures encountered are generally
above critical, From Equation 27 the time duration of the sound pulse
due to uncorxing of a pressurized cylinder is

T=k —an' {39)

where

d = diameter ot the cylinder;
k =~ 3, an empirical constant,

Combining Equations 34, 37, 38, an 39, the peak sound pressure due
to an uncorked cylinder becomes

v+1 -
. 2¢-1 pd Ty \PL)\ AV
Pm ~ (((Yii)) gkr ?i')(?i_) (50

and it seen that the peak sound pressure is directly proportional to the
initial absolute gas temperature and only weakly dependent on the
initial gas pressure, as lonyg as it is above critical, However, since
in the gun,high pressure is generally accompanied by high temperature,
the peak sound pressure is not completely independent of the initial

it
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cylindex preesure. If it is assumed that the gas being discharged
was compresscd isentropically to its initial condition, then

T = To (P1/P,) Y-V and Equation 40 can express the peak
sound pressurc in terms of ?MYY the initial cylinder pressure, The
resultisthat pr, on pl(”” 4 This seems to correlate reason-
ably well with experimental data available to date,

The sound pressure field of the uncorked pressurized cylinder
i# directionzl, pressure baing higher toward the iront and lower rear-

ward, Directly to the side, it is approximately a representative
average. This directional effect can be approximately represented by

Pmé = P (41)

Pm¢ = Peak sound pressurs  given aximuth angle, ©;

M; = u/a,,discharge Ma« o}
n = coastant equal to ap ..imately 2}
Pm = peak sound pressure directly to the side,

And the peak sound preseure level at given azimuth angle, of courses,
becomes

LmO

Pmo
= 20 log [y | (£2)
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APPENDIX D

GUN SILENCERS

Conricer a typical silenced weapon, consisting of 2 gun barrel
of volune v, and a baffled silencer of volume v, (sze sketch below).
During its cycle, the projectile is acceierated by the high pressure
gases in the barrel. Following this, the projectile travels through
the silencor while the propellent gas expands into the silencer cavity
oehind the projectile, Just p~ior to exiting from the gun barrel, the
propellen: gases are typically in the vicinity of 2000° F and 3000 psi.

NG X
Xy

Smang
B e ]

During its expansion into the silencer cavity, the propellent
gas mixes with the air contained within the silencer, The air,
originally at ambient precsure and temperature, is compressed
while the propellent gas pressure and temperature naturally de-
crease, In a typical silenced system, with the silencer volume
of the order of 20 times that of its gun barrel, the conditions
within the silencer just prior to projectile exit are of the order
of 60 psi and 300°F, The projectile, being subsonic (presumatly),
travels through the silencer atl a velocity close to 1000 fps, Juxt
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how quickly the gas bchind the projectile expands into the silencer
cavity can be gathered from the following graph which shows the
shock, sonic, and flow velocities of air or gas similar to air, as
» function of pressure,

Nach Pe,, volis,

Fron the graph it is found uot unreascnable to assume that, in a

typical silencer, the gas pressure is very nearly uniform along

its length at the time the projectile exits the silencer.* Considering

the propellent gas and air undergo isentropic expansion and compression,
respectively, the alsolute pressure in the silencer at the time of

¥Other assumptions may be necessary in the cuse of a supersonic
projectile,
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projectile exit will be
1 1/y vy v

L3 ""l-l
P, =P 1
2 *Po T J (1)
V1

vhich can be simplified to

(Pl)”"’ v, ¥
Po + V1

PZ od P\-' vz (Z)

"1

where

P_ = absolute propellent gus pressure in gun barrel at the
time of projectile exit from gun barrel.

i
0

ambient 2ir pressure {14.7 psi);

silencer volume;

<
N ¢
1]

gun barrel volume:

<
]

(=

ratio of specific heats for air and propellent gas {actually
for air, ¥ = 1, 4; tor propellent gas, vy ns 1. 2).

4
L]

Similarly, the absclute temperature of propellent gas in the silencer
at the time of projectile exit is

(_‘_’_l_) (X_Z_) (v-1
P, )+ \¥] 3)
(=)

TZ=T

where

'.l‘l = abuolute temperature of propeiient gas at tae time of
projectile exit {from the gun barrel.
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The absolute temperature of air compressed in the silencer is
(P1/Po)Y-1/y
Tz vz~ s Which ig very nearly equal to T;. Thus, the

air temperature may be assumed to be the same as that of propellent
gas (i.e., that given by Equation 3},

Projectile exit from the silencer will be followed by an efflux
of gares. Iff V(thel Hme of this exit, the silencer pressure is
P,sPy Y-141.9 Py, then

pt = Po (4)

and

u = |- a 1-'.13.9_15}- ¢ . T2 l-(.fg.,v-l (5)
t \ry-l 2 P, v-1 O\‘LT;_ P2>

where P

absclute discharge pressure;

(g
[}

discharge velocity;

& sonic velocity within silencer at time of projectilé exit;

2
a = ambient sonic velocity,
Ty = absolute ambiert temperature,

In this case the discharge conditions will be subsonic; that is, gas
flow velocity will be lower than scnic ai the point of dischargs (u
£ a;). If, on the other hand, the silincer pressure at the time of
projectile exit is p, . P l*;L v/(y-1) 1. 9P
2 O 2 Ry ie 9 O

then v
- p, (2) Y (6)
Py = P2 (y+ 1 )
and .
—_ %o
Ve e e
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Now the discii~rge conditions will be superscnic, with the flow velocity
at diacharge being equal to the local sonic velocity (uy=a,). This,

in fact, is the typical zondition to be expected in most conventional
silencers. As the projectile exits from the silencer, the abrupt un-
corking of ir."arnal pressure will generate 2 sawtooth sound pulse,

The ume durztion of this pulse is ngen by Equation 39 of Appendix

C,
kd( ) (8)

k w 3, an empirical constant;

whete

d = silencer exit diameter,

The peak sound pressure of the sound pulse is described by Equation
23 of Appendix C,

P = o @)l/y Aug (9)
mn 2nrT \Po
where
Po = a:nbient air density;
r = distance from the weapon;
A = nd/4, silencer discharge area,

Combination of Equations 6, 7, 8, and 9 yields the peak sound
pressure cf an abruptly uncorked silencer, to the side of the wea-
pon, as

\ 5.3y
2 T_"“T) YPod /T2 \ /P2 \ T4y {(10)
y+1} ke ?;'} vy !

where

P, and T, are the absolute silencer pressuie and temperature,
resnectively, establishad by Equations 2and 3
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if the silencer ;rmperaturc is related to the silencer pressure by
TZ = TQ(PZIPO)W‘R iY, which ie not an unrersonable eatimate, then

Py o P2VHD/4Y | The peak sound pressure level of the uncorked
silencer {from Equatior 10) can be descriled as

r ytl 5.3y
' (_a.,) W=D ypeg (14.)(2.:.) i
1 8kr \T AP
L, = 20log YT — LA oan
.00 _J

It is intercsting o note the cifect of heat absorption in the silencer
on the feak sound pressure, If, similarly to the ahove, the milencer's
pressure is related toaits temperature by Py s Po(Tz/To)(Y" ”Y. then
the peak sound pressurc can e expressed as a ﬁ:fczio of only the si-
leacer temperature, which gives py; o0 T3 (v D/ -1} With maximum
nheat absorption in the silcncer, temperature Tz will have been reduced
to ambient temperature T,. From Equation 10, the attenuation of peak
sound pressure level thus to be attained in a typical silencer is in the
vicinity of 6 db.

A certain amount of blow-by in a silenced system is unavoidable,
Since, for the sake of systerr accuracy, a clearance must exist between
the silencer and projectile, some propellent gas usually bypasses the
projcctiie in the silencer, The effect of this blow-ty on gas discharge
{rom the silencer imunediately after projectile exat can be surmised
from the following.

The gas discharge following projectile exit irom the silencer is
primarily dependznt on the quantity of gas contained in the system at
that time, which, in turn, is determined by the vercentage of gas lost
through blow.by. The percentage of gas lost can we represented by

-t
(Am JO {A¢pou,) gt

= {12)
m pplvy +v2)

gas mass ost through hMlow-by during tine prajectile
traverscs silencer;

where Am

m = initizl total me2ss of gas in system;
t = time ;
P2 « gas density in system at 2ime projectile exits silencer.

The duration of blow-by is limited to the time it takes the nrojectile
to traverse the silencer. If, during this time, 3 constant and unre-
stricted (maximum) gas flow raic is asaurned, then
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.[," lAtDQUQ)dt = Atpt“tt

i

silencer diecharge area;
= discharge gas density;

p = discharge gas velocity;

e O
e
[ LI}

-~
1]

time it takes projectile to traverse silencer,
With maximum diecharge conditions,

1/y-1
v+ I
2 2
L e | c————
VY+I °V To

The silencer discharge area is approimately

©
"

Yt

v

Ao

where

vy = volume of gun barrel;

ll = lergth of gun barrel;

The time it takes the projectile to treverse the siiencers is

t = &

a M
where
lZ = silencer length;
M =

preojectile Mach No, -

With these definitions, Equation IZ reduces to
( '> Z(V - 5) TZ 2
(.’},'.r) V Ta
m &((l —V‘Z'
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Substitution of typical quantities into Equation 18 reveals thas,
within the time restraint, the maxirnum percentage of gas a typical
silencer can lose through blow-by i in the order of 3 percent,
Fromni this it may be coaciudeqd that the blow . by hdas 4 vecy amali
effect on the gas discharge occcurring at the thme tne projectile exits
from the silencer.

Examination of Ejuation 9@ reveals that the peak sound pressure
is invereely proporticnal to the timme duration of @ given dound pulse,
In a system whuere gas discharge is initiated slowly, the s~und pulse
time duration iz governed by the time it tukes the System (o reach a
given discharge rate rather than by the system's maximum discharge
rate {Equation 8). Thus, it becuies evident that the longer the
system takes 0 reach its maxinnan gas discharge rate, the quieter
it will be, Practically, it means that it 15 desivable to start the gas
discharge (zown the silencer slow!y and early in the process, gradually
increasing the discharge to whoen the projectile exits from the silencer,
If it is assumed that the gas discharge from the silencer can be iaitiated
at the time peojechile oxits the gun barrcl, the time restraint is im-
poscd by the silencer length and projectile velocity, The time in
which the discha: pe can increass from zero to maximum will be

T 22 _ (19)
apM

With this time period (and Equations 6 and 7Y, Equation @ gives the
PCAh sound Proescure as

o » ) N > (P R /vy
n‘ = A S ———— - r— — — —-—-—

¢ -

/ .PQ

This relationship gives the minimum peak sound pressure of a system
whouse gas discharye was initio:ed graduaily, rather than abruptly,
Comparison of tins ~uuation with Equation 10 and substitution of typ-
ical syslem quantities revezls that attenuations of as much as 15 db
arc nbtainable with the contyrolled dischazge technique,

Attenuation of & precursor wave i the silencer is somewhat
Cifferent from that of a blast wave, Whercas the latter involves high
pressares which prosent a jormidalide ges mass transfer problem,
the former can be cxpected to expand through the silencer at almost




ambient sonic velocity, This zllows the assumption that the re- j
flections of the precursor within a properly designed silencer will

have practically no effect cn the forward wave front. In a properly j"
designed silencer, the baffles or other silencer components would
be such as would not impede the natural spherical expansion of the >

wave front within the silencer. Example of this can be seern with 1
the rearward-slanted, conical baff'es,

Consider now two gun barrels identical in all respects except
that one i8 equipped with a siler.cer {see siketch below),

Py’ B3t
AR YT
r r i
K ¥ ]

In the first case the precursor wave generated in the gun barrel will ¢
be unattenuated, At some distance r, in the far field, its sound
pressure will be

P2tL,
Py = (21

where
¢, = silencer lengtl; 1
P2 = precursor sound pressure (gauge}at distance £ from gun muzzle, {
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In the second case, the precursor wave will first expand unimpeded
{cpherically) in the silencer prior to expansion into the atmosphere,

At the front end of the silencey, the precursor wave front wiil geaerate
an abdclute pressure, which can be eatimrated by

P, m Py + 2p, (22)

This pressure will induce a flow of air through the silencer muzzle,
The velocity of this flow will be given by

1

2- a 13 '0\"!}‘;'_"
Ve - v+ 1 ot " ?’-;) (23)

Expansion of this equat.cn and elimination of lower order terms re-
duces the flow velocity to

— a0 ,
u, =~ V8ly-T) o P2 (24}

Corr ponding to this flow velocity, the discharc: pressure
{(guage) at the silencer exit will be

YPou ——
P, = a5 =VBlY-lip, (25)

Spherical expansion of this overpressure to the far field represents
the attenuated precursor sound pressure, which can be written as

d /By-T1) p.d v
Py o BS VEYZ1) Pad (26)
4r 4r

where

d = diameter of silencer muzzle opening.

Combining Equations 21 and 26 gives the attenuated precursor
sound pressure in terms of the unattenuated quantity

2. [ 2 (27)
P2 Iv-1 4
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The attenuation of the precureor,in decibels,is

Py’ [ 2~ ] \
AL = 20 log (-!5-:-;-,-,) = 20 iog -Y-%T 'ggj (28)
/

Substitution of typical quantitiea in Equation 28 indicates that a
properly designed silencer, approximately 6 in. long and . 35 caliber,
can be expected to attenuate the precursor by some 30 db,

An interesting problem presents itself in considering attenuation
of the silencer type shown in the tirst diagram of the following sketch.

Here, the silencing volumne is separated into two chambers, one in
front of and ore surrounding the gun barrel. A bleed hole{or series
of bleed holes) leading to the surrounding chamber is provided in
the gun barrel. As the projectile pagses the bieed hole, the propel-
lent gases in the gun barrel expand into the surrounding chamber,
When the projectile exits into the front silencer section, the pressure
in the gun barrel decreases and the gas flow in the bleed hole re-
verses. 'ithe bleed hole is sufficiently small,then, because of the
greater initial pressure differential, gas flow will be faster into the
surrounding chamber than cut of it. This technique is capable of
substantially reducing the pressure in the front silencer at the time
cf projectile exit, An optimum exploitation of this techniqie would
be to introduce a one-way valve in the blecd hole leading to tha
surrounding silencer cavity, Consider the silencer with a relatively
large bleed hole, so thut gas {low into and out of the surrounding
chamber is relatively rapid. The gas expansion processes will be
very nearly isentropic so that the silencer pressure at the time of
projectile exit fror: the silencer (from Equation 2) will be

)T
Bl Pol vosy ! (29)
)
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where
po = arnbient air pressure;
Pl = preggure in gun barrel just before bleed-off;
vl = volurne of gun barrel before bleed-off;
VZ = volume of silencer chamber surrounding gun barrel;
vy = volume of front silencer chamber,

In a silencer with a bleed hole valve, the expansion process up to
the projectile exit from the gun barrel will be similar to that above,
Beyond this peint, however, the gases remaining in the gun barrel
will expand into theforward silencer section while the geuses in the
surrounding chamber will be trapped pending possible slow release,
isentropic expansion up to the gun barrel muzzle gives the gas
pressure as

~ -

:(_%_)m Y
P, ~ P, ; ~ +1 {30)
2
G)
-

Expansion of the gases remnaining in the gun barrel into the forward
silencer secticn gives the silencer pressure as

oy e | (Y
| &)

This, combined with Equation 30, gives the silencer pressure at
tirne of projectile exit as

Y

(31)

Uy Y

P vy
P = p =) 1L, (32)

(=) )

Solving for minimum P3', it is found that the greatest reduction in
pressure occurs when
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R t/y
| (=) .
v, =V, B vt (33)
: ' (13; + ("“;’;‘"‘)

Substitution of typical quantities found in silencers into Equation 33
indicates that in order to obtzin maximum attenuation, the surrounding
silencer chamber should be approxivhately 0. 7 times that of the for-
ward chamber, The difference in attenuation of the silencer with a

bleed hole valve and the simple volumetric silencer can be estirnated*
from

Py J (v +1)4v

where Pg' & B are as defined by Equations 29 and 32. In a silenced
systern with gun barrel pressure of 2500 psi and silencer-to-gun
barrel volume ratio of 20,the bleed hole valve technique yields approx-

irnately an additional 4 db attenuation in peak SPL. The technique can

be expected to be more effective with small volume silencers and less
effective with larger ones,

*
See Equations 10 and 11.
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APPENDIX E

SILENCER TEGHNIQUES & REPRESENTATIVE FATENTS

The following silencer photegraphs and patents are presented ac
reflecting the varioua silencing techniques and connepts.

The photographs (pgs 159 through 163) of sectioned WW II German
experimental silencers show some outstanding silencing tecuniques,
such as flexible baffles, vortex-inducing channels and rearward slanted
steel baifles. Also shown are quick attaching silencer clamps,

U.S. Patent No. 658,934, issued 2 October 1900 to Reade Macon
Washington and Alfred Willis Capy, '"Attachment for Barrels of

Firearms, "

Austrian Patent No, 5478, issued 1 June 1901 to Josef Hutfiess, '"Device
for Silencing a Firearm.' (Translation)

U.S. Patent No. 958,935, issued 24 May 1910 to Hiram Percy Maxirm,
"Silent Firearm, "

U.S. Patent No. 1,000,702, issued 15 August 1911 to Eugene Thurler,
"Device for the Suppression of the Report of Firearms, "

German Patent No. 629,404, issued 13 March 1933 to .ians Eirsfeldt,
"Silencers for Hand Weapcns, ' (Translation)

U.S. PatentNo. 2,448, 382, issuved 31 August 1948 to Warren P, Mason,
“Silencer, "

UJ.S. Patent No. 3,138,991, issued 30 June 1964 to Richard L. Malter,
"Firearm Muzzle Attachment and Projectile with Expansibie, De-
tachable FHusk. "
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UNITED STATES

——ta—

READE MACON WASHINGTON AND ALFRED WILLIS CAPY, OF DALLAS,
TEXAS, ASSIGNORS OF ONE-FOURTII TO 5A1D WASHINGTON,

ATTACHMENT FOR BARRELS OF FIREARMS.

PareNnT OFFICE.

SPECIFICATION jocmung past of Lettace Patert Mo, 668,044, dated Octoder 8, 1000,

Appliention Clad Jonmary £, 1399,

Te all whom it mauy cuncern:

Ile it knownthet wa, HEADE MACON WasH.
INGTON and AL¥VRED WILLISUCAPY, of Dxllan,
fo the county of Dutlss and State of Texac,

§ bave iov. aled s pew and uncfol Attachment
to tha Barrels of Firearms, of which the fol-
lowing is a full, clear, nod exact description.

Oue vbject of my iaveution iato provide a
sinmple, light, yet darable dovice adapted fue

.8 attachmeut to the muzzlean( riften, wusketa,

and other arms amjapied to fire bullets, sad to

80 conntruct the attachment hat it will ma.

terially wmedify or entirsly preveat the noise

mado when A weapua is duischerged, and will

Also ars t1osuppross the smioke almost eatirely

whed hlack powder is used.

A further shject of the invention ir 10 at-
fein the endus above set forth without impair-
Ing the puwer or nevuracy of the wespoa.

o The invention ciosists it the novel coo-
structios and cowbioatios of the several
parts, as will be hereinafier fully set forth,
aod painted out io the clsims.

Reference into be hag totheaccompanying

§ drawiage, formioga part of thivspecificatioo,
in which atigilar charucters of reference ndi-
cale corresponding partain all the fzores.

Figure 1 in & sule slavatioo of a rifle and
ithe aunchineant applicd thereto. Fig. 2 ina

o longitudinal sectton through thoatiachment,

drawn oo a larper scale than in Fig. 1, snd

also o lungitudival gection throurh that por.

tion of tbe barrel to which the atiacbument 19

applied, andt Fig. 3 i3 # travsvernso verticsl

section taken practically on tbhe ling 3 5 of

Fig. 2.

Arepreasntancaring, wh chis usuatly made
oval in cross-mectinp, as shown ju Fig. 3.
This casing s provide. with s collar 10at the
» rearecd of ita body portion, and the waid col.

Iar is ndapted o Le screwnd non or other.

wins atlsched to the forwant or inuzzle ead

uf the barrel A’ of 8 gun, as showa particu-
barly ia buye. 2. At the rear luwee portion of

§ the budy-cuning A a tubulur extsudion i1
formed, which s usaally circular tn croea-
sectioe, bul ramy have othe: crows.sectional
ccatour. The o..ironian }] frura the caviag
s adaptad to exts nd rearwarndty beneath the

¢ barre' a necenanrry d.slance when the caning

w

-

is stiached t¢ the Darrel aad-ia fasteoed w

Sariad Be. 700,345, (Be wadels

——

the berrel by » atrap or itz equivalevt. In
order that the extonaion 1} of (be body and
in fart iha chamber in the body propor may
be resd:iy cleaned whea deaired, the rearend sg
purtion of the sxtension 11 isciosed by a plug
12, serewed therein or otherviss detachably
secared in pluca. The apper surince of the
casriog A is fanh with the corre poading sur-
fuce of the harrel {n order that the aight of Se
taid barrel nball not beintorfered with. The
space withia the casing A and the extension
1l may bo terinad an **sxpansivn-chamber;”
but eerain portions of 1his expansion-cham-
ber are abut off, aa will be hercinafter stated. €5

The ‘xdy-casing A is adspled (o receive &
cap B, the eap being at she forw.~l or deliv-
ory end of the easing, sud) this cap ! adapled
toalide within the body-emaing and is held lo
sagagemen ' therewith in sny spproved man- j0
oer—as, {or example, thrvagh the mediua of
spriag clipsor tongoes 13~ -us rhown io Figa.
1sad 4. The inoer face 2¢ of the vap B is
inclined, the inclisatica being [ro:n the up-
per edpe downwardly and forwardiy, sud ths 3¢
incer.faceof thecapin open [rom a poirisior
near its bot.omn Lo A pointrearthetee. The
upper purtion of the iuner inclined face of
the cap Is i» provided with ¢ defieciizz-plate
15, snJ the maid defeciing-plate hne an cpen- 8o
ing 1o, the center of ssid cpening bLeiog ie
Iongitudion! siicement with the axis of the
bore A’ of tha barrel,

Immediately foeward of the opsaivg 18 in
the deflacting-platy and at the forward np- 3g
per end uf thes cap a chamber 15° ia formed
provijed with aninlet 17, tha center of which
inlet is in & plane with the center of the Axis
of tha cpening 16 in the defleciing-piate and
the axis of the bors A’ of the barrel. This g
alinement of the oponioge 17 and 16 with the
hore of the barre ta in order that the buliet
dmcharkad from tha harrel may paze chrough
the said oponiagn 16 wed 17 and ou. thmurh
the chambar 16° withoat laterferiog in the 9§
elighieat deiires with any of the mecbaniam
designed to ~onfine the gasen.

The innnar face or wall of the ctamber 16*

¢ to iaclined, and o flange 18 is formed apcn

thia wall «rounad tbe inlet opening 17. The roe
fixsnge 1M 1a adapted ae & aoat for & valra 19,
which vaive closes Lhe {nlet 17 of the cham-
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ber 1i® imwediately aftar the discharge of ths
dullal; hut norsiatly the valveis xaade to benr
sgrmiunt tho inner face nf the lower porting
of the deflecting. plate 15, aanming n s
S tion parnliel with the iine of the inner face
of the cap B, ax shown in povitive lines in
Fig. 2. The opening 16 ‘o the defleeting
plate is mwnds iv f1a lower adpro, nnd in arfer
that the dincharge of the bullet shall got be
56 impeded a correapoud’ 2 openinz N iv made
§a the upper end of the vilve, snd when the
Yave §i has bearing ngainat the deflectin:.
plate 13 tha openime in the valve sad ihe
opening i the &iye of ihe deflectiny. plnis
tg reginter, fors g an cpeniug of suficient xiao
Lo porwmit the vninterrapted pansage of the !
batles.
An arme 21 in rectired 16 the front fuce of
the lowar pustion «f the vaive 14, she arm be-

20 fug AL ight anyles to (ha suter face of asild
valve, and the vadve is pivaled ie the enp U
by & piu 22, ihxt ia pansed through tbe c1p
and throuxh tite sand arin, o vhaown in Figs.
2an3  Tle valve 10 inheld in itsopen po-

ag sition—that is, io eogapement with the de- |
Becting - plata—tyy wieany of 8 spring 23,
nsuxliy aituched to che bottam vuter waill of
the chiamlws 16°, the wpring having tearing
agaiugt the upper surface of the atia 21, an

30 showa in Fig. 2. o ornfer that the apring 23
Liny b repaized or repinced when necensary,
an openivg is made in (he frout of the cap
below tha chamber 16°%, sl thia vpening is
pornally climed by a bluek 21,

35 lu the aperutivaof the attachinenst shen a
gow in fred the ballet s dischurgad ws usual,
and in puwsirg aut from the harrel dots Doy
touch or intor{e.e with t '» smechanism of the |
slinchment, as has heretnfure heen stxfed. |

40 The expandivy-gases siribe the defacting. |

late 13 a1l the valve 19 at the vame iustant. |
o defireting plate Leing rigid and inclined |
)

toward the valve turus the Auw of gas down- |
ward io directiou of the valve, sud the valve
4$ being {reo (., muvie outwan) isthrown acnitat |
Ite seat 18, A3 sdomn iu dotied litee ina Fig. 2, .
and i beld therw untit the incide pressare of
the goa in the expxnsion chamber and baree!
of the gun beonmen eq0al 10 the Yataide pres- |
g0 2urd of the atmospheru aif plus the teasiva |
of tbe spring 23, ‘rhereupwn the vaive araia
ojwun snd Lhe xun s resdy for suother nlidt, |
The gav, tustead of rushing iGto the air sy .
asual, is Lurned by the vilve back fato the -
¢ expammion-chauber, wbich Lo gde itsrlf had -
closed. Tho aclion s very yuing, the vari- |
ous slaps describod fullowing ewch oilier 1u
practicelly & ma.aent cf time.
Theexdavsion-chamtvr, wheehincludesibe ‘
6o cubic contents «f the bors of the xuo, acls !
substantiaily us 2 condenner, god at the tamne
of firing no swoke is visible. ' puo tgeowing !
opeu the brcech of the zun us nuun as pusss-
ble alter Living & bullet tho expaosion-cham-
6y ber will be fuund pmctically fided with » 5
bghs smoke; butl the depumit upovu the lands
and grooves is nol more thuu usial, as tbo

gennter portion of the depunit xiil be found
wpon the valve in nearly a8 dieset lioe with
tho sxis of the borv of the pun.

Haviep thus eacrited our tnemntion, wo
cluim as new nid desine o necnire Uy Lelters
Patent—

b, A caniug armnged (uor attachment 10 the
barrel of & xuu, wnd haviee xa oatlet lor
Dullet, w0 lnciined deflecting - pinie tn ~aid
canitgs snd A valve normelly tield in an opro
prwition And opernted by the rases 10 cleve
the vinlet fur ihe hntiar aflter naid Lulliet has
excaped from tha casiug, sulutaalially ax de-
~cribed.

2. Acasing pravided with a gascondersing
chamber a:d arcungzed for connsclion with
tho barrelof & guw, Lbe tmid ehumbar Laviog
it oatiot fur a hntlet, 1the said nastuyg baviog
» tubuler nxusion farming part of the gan-
coudeusing chuxibor apnd extendiog raar.
earlly beneatk tho barrel of the gua, a clo-
suie ler the rvar eud uf said tubular extes-
wion, & valve ofiarntad by the gasea tr clune
the vutist for the bulet after sard buiet hes
encuped aid & suppart againet whicy waid
vulve narmaliy resta, the said suppor: beiny
located batween thoerd of the gun- tsensiand
the outlet fur the Lullet, silrtaatially as de-
aceil .

1 casing adupled for atiachuent to the
barre. of a 2un, n chamber at the forvard sod
of sak casing snd havingy am inlet in iis in-
ner ot sar wall in ‘iue wish the bore of tiw
gua, & late i maid cusing btween the newr
eind of  aid chamnber and the mnd of 126 eua-
barrel nad & pivoted valve uaraally sesting
on the said plate, the plase aud valve Lraigy
constructed (0 perwit of the passage of 8 bl
let, the astd valve being adapiad to cloes the
epenivg in the rear end of said chamber im-
mediate!y af(ar the vscape of 1he builnl. ba-
ing cartied 10 snid clusiog pomition by the ar-
tion of the gases, substant:ally 2s desceibed.

4 Sdevice miapted to couteul the poise of
the explution of u chaurge zud prevznt the es-
eape ol amovke (ron the muszle of 4 un, said
device oonsistisg of & casteg arrmesed for at-
tac hmagl ta the wuzzle of & gun, ths raniog
ing pruvided with » dowoweardly aad (-
wanrdly sxtending deilecting-ple & baving sn
opuing th live with the axtr ol the harrey,
1the casing being provided aith » parsage-way
fur u baiiel forward of the Jdeflectiug-plate,
aud & vabve normally restiug sith s upjw-r
end 00 wid detleetinzg-plate med adapled to
be wored (U cline wud passsse-way by the
ncctw Jlavion of gases within the asid casing,
as dencrited.

5. Fbhe conbinatios, with the barrel of a
R, & cas'ug stiached w the muazzle of maid
thareel, anid & cap removably ~- ured in the
furward vod of the easiug, th~ cap ey pro-

" vided with au iachned Jeflaching pioto bav-

sy wl ottty therein v Line wath the axis
o the barrel, ui s chamler foreand of the
dadectiog - piate, provided with -p opening
alav io Lue with the &ris of tre bure of tho
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gun, and a valve bavisg bearing normally
against Lhe deflecting-plate, the raid valve
‘being foresd to 8 seat at tho iolst of the sid
ehawm bor, by the action of the gas accewu-
s lated in the barrel avd back of the zaid valve
aud dslooting-plate, aftes & hullet has heest
dinchurged, as desori’ xd.

8. The vowhinstion with the barrei of &
un, of @ casing nitached ihe tntzie of neid
e rel, & cap secusrad in tho forward and of
the casisp and provided with an ivclinnd do-
Secting pinte having ma opening \berein in
live with the axzis of the barrel, » chambér
Jorwaid of the deflecting-plate and provided
15 with an inlet-opening also iu line wilh the
bere of -1be guo-barrel and forived with a
valve-soat and a spriug-prowed >aive nor-
mally restling againat the defiecting-plata and
adapied (0 be foreed agairst said valve-weat,

20 suintnotially as descrnibed. |
7. The combination with the herrel of a
gun, sud & casing atiached tw the muzzle of
thd barrel and bavioyg a iubclar extension at
the rear lower portion provided with a remov-
85 able cloaure at iis rear end, of & cap remov-
wbly wecared in the forward end of the casiog,
the inner face of aaid cap being inclined from
thke upper edgo-downwardiy and forwardly
acd the msid 1wner face being opes from &
£0 point at or uear its hottom o 8 print nearthe
wp, an inclioed dedecuing-piate at the tpper
pottion uf the inclined izner (aoe of the cap,
the raid plate having ao opening lu ite lower
gdge in longitudinal alinewent with the azls
3s of 1he bore of the barrel, » chamber formed
at (he forward upper end of aaid cap aud for-
ward of the plate, the usid chamber being pro-
vided with an folet io in ioner wall in line
with 3he opening ic the plate and tke birwof
40 the harrel, the inner wall of said chambar be-
tagiuclived snd baviog a lacpelorned there-
un rrovad theinlei-openiog nnd consticutiog
avalve -xeat, and & pivoted and spring-pressed
vaive oormally resting av its opper end
4% axninal the lnwer porticn of the deflecting-
plate and having au opesingat its GJipar edge
formiog with the opening ia the lower edge
ui the deflectiog-plate, ¢ pastage for the bal-
iet, ihe naid valve being forced 10 its sent at
so the inlet-opening of seid chambor by tha we-
tiow of the gases citer a bullet has been die-

8. A caslog arranged for nttackment io tha 55
barre! of & gun and provided with & gar<oa-
denring chamber, and a oep tewmovably se-
cured iu the forward end of ssid casing snd
provided with a chamber baving an opening
ie live with the axis of tbe ovore of the gan 6o
and forming & passage for a bnllat. a valve
pivuted in maid cap and operated by the gazes
o clons the outiet for the builet immediately
slinr the encape of the Luliet, tie «aid cap
being provided with an opeaing in its front 6§
brelow the naid chamber, and a clvsure forsaid
oy oniug, subelantinily us dwocribed.

3 A device adapted to contrel tho noise of
the explosion of & churge and prevent the ea-
cape of smoks {rucs the inuzzia ol & gun, the ye
satd devies comprising & casiog arraoged for
attachment to the muazie of a gun the casing
heing provided with a pasange-way for a bol-
lat, & valve for closing suid passage-way, &
spring for nornally holdiug rsid valve opon, 7§
and » deflecting-piate for turaiog the flow ol
Zss toward the valve, the valre being carried
w rlosing position by the yanes.

10. A casing for attachmeat to the muzzle
of & guo. & cap removably secured in the for- 8o
ward end of said cusing and having & valve-
srat with an opaning for the passage of the
bullet snd a valve carried by said removable
czp and freo to awing, the ssid valve tsing
nuvrmally beld in an open ponition, and adapt- 85
ed to be moved by the sotion of the gases Lo
8 clased position, yntmtantislly as described.

11. Acasing arrnoged forattachmeut o the
muzzia of mgun, a removable cap Gited o the
forward end of Ltha casiog and bavingavalve 9o
seal with av opsaing for the passage of the
bullet, the axin of said openivg coincidiag
with the axis of the bore ~f the gud, & vaive
carriod by aaid cap and free toswieg to closs
said opeaing, 8 spriog for normallv holdieg 95
2aid valve in the cpen pasitioe, sud a deflect-
ing-pla‘a carried by the cap and arrsaged to
daflact . 10 guses toward the vaive, the said
valve Jeiog clonsd by the zetion of the gasey,
whoreby the «aid casiog teceives aod confines 100
for a time the xasss resuitiog from fAiring the
gua.

RRADE RACGON WARRINGTON.
ALYRED WILLIS CaPY.

charged, the front 4f asid cap below the cham- Witneaten:

ver haviog o opeainyg pravided with a ro- 0. A. Hauekes,

movable cioaure, for Lae purpowe snt forth. H. W. KeLLr.
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Corrections in Letiers Patent No, 658,934.

It ia harsby ourtified that i Letters Pateot No. 658,934, granted October 2, 1900,
£pon the eppliostion of Reade Macou Washington and Alfred Willis Capy, of Dallan,
Texas, for an ijaprovesment in « A ttochwsents for Barrels of Firoarme,” errore sppear
requiring ooerqetion, as follows: In the grast and L. the printad Dead of the specifica-
tion, it is atated that they 2ave wadigna! ane-foarth of their right 10 said Waskingtoo,
whereas it abaaid bavemmdtm-u&pymw']mmﬁg&u
wid Washington; wod th st the eald Latiors Patent shonid be read with these corvections
Edn that she 338 wiay coaforn to {Bs record of the cdso in the Patent Offce.

Bigaed, countersigned, and sealed this 16th day of October, A. ., 1900.

[amac.) F. L. CAMPBELL,
Assistant Secretary of the Interior,
Countersigad : 4 T
C. H. Inr.1y,
Commissionsy of Puients.
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Translation: Patent No,. 5478, "Device for Silenciog a Firearm"
[ssued to Josef Hutflese, 1 June 1901, in Vienna

The proposed innovation nc3 to do with reduction of noise dus to
the sudden discharge of propellent gasea after firing a weaponr, It is
heareby claimed that the barrel will close after projectile exit, The
propellent gases will be releasad after passing through two or movre
regulating tubes rutuning parallei to the barrel, In this way, the
pressure will be reduced and the gas exit will cause only an insig-
aificant noige,

The invention, for application to spocting guns, is shown in
Pig. 1 through 4, the sketches showing the longitudinzl sida view and
front views of the barrel cross section, A-B, of Figure 1,

As 18 evident, the muzzle of the barvel forms into a funmel, At
the bottom ¢f the barrel, &, arve arranged twd parallel thin walled
tubes, b and ¢, wiich are connected tognther 2zt their ends,

Tube b is connected to the muzzle end of the funnal shaped bacrrel,
a, vhile the sama erd o.” the other tube, ¢, is equipped with a row of
holes, d.

Thia weapon requires the use of special prcjectiles which are
made up of two loosely connected parts, m and n, The charge is di-
rectly behind part m, which {8 of the same caliber as the straight tube,
while the front part of the projectils, n, matches the narrow part of
the tube and 18 conrected to the heavier projectile, part m, by a fixed
pin,

The operation of the device is as follows. Upon firing the weapon,
the daveloping prcpellent gases in the tube push both projectile parts.
m and n up to the narrow tube, Arriving there, the heavier projectile, 4'
o, will ba forced in the narrovw barrel (pogition m') and therebv held
back, The frcut projactile, n, in consequence of its acquired velocity,
will free itself from the back projectile, m, passing and exiting
through the remaining portion of the barrel (position n'),

The propellent gases do not pasz ianto the atmosphere through the
muzzle of the barrel but, because of che obstruction, they enter tube
¢ through the opening g. From here they pess into tube b and leave the
latter, with essentially reduced pressure, through the arranged holes,
4, in ths front end of tube b, whereby only a hisszing noise is produced.

As the result of this operation. a loud noise will be avoided and
the propellent gases will leave the tube producing a damped, unnoticed
noise., The remaining projectile part, m, {n the tube can be removed
through the insertion of & charging rod,
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Patent Claim §

- 1. A device for silencing the noise produced by firing a waapon, ~
in the following mammer. The borrel near the murzle is to be fumnel E

2. Two-part projectila, which is described abova, The powder
charge is to be behird the rear part, which is of the same calibey
#8 tho atraight barvel, and the front paTi, wvhich 18 to be loosely

conoacted to the first pact, will have the same celiber 88 the narrow
portion of the barzel,
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18 titions, diaphra

UNITED SYATES PATENT OFFICE.

NIRANM PERCY KAXIV, OF AARTYORD, CONWECTICUT, ASAICHOR TO ALAXIM AILENT
FIDRARNED COMFPAXY, OF <T°W YORR, ¥. Y., A COAPORATION OF NEW JERARY,

BYTENT FIREARK

888,938,

Spestivrtic ot leennPatest  Fatentod May 24, 1910,

Appilestios Slvd NWoveisoer 30, 157, Serty' o, 486,081,

To cll whom it may: concern:
Be it known that I, Hrmax Pascy Maxiis

ciaghragms shali e secured withcut requir-
g great labor ia L assembling of the dia-

s citizen of the United Stclom, residing ic | phirrems sed cesing.

the city of Hartford, in the Stat. of Can-
# pecticut, have invented cr.rtain new and use.
ful Improvements in Silent Firvesrms of

which following is & apecification, refer- !

snce being had to the sccompunying draw-
rming & part hereof.

i.nf, fo .
19 n the continued use of sitleaormn fer fire-

arms in which the energy cf tha poider
guses is dissipsted in rotary or whirling
movement of the gases beforc they peass into
the atmosphexe, and in which & serizs of pae-
or sprrader: are s.p-
rorted by & shell or casing ¢ the muzzie of
the firearm, the rotary or whirling move-
ment of the gases takiug piscw in tha cham-
formed thereliy, ‘he partitions, dia-

bers
geof t

20 phn%ma or spreadets neurest the true mnuz-

he barrel of the firearm sre exposed
to the highest gas pressure, while those more
remote from the muzzle are exposed to much
Jess ges pressure. Lighbtness in the silencer

28 can be secured by 1axing che partitions, dia-

plragms or spreaders 1 the zone of high
ges sare of suflicient strergih to with-
stand such pressure and by makiag the pus-
titions, diaphragms or spresders more remote

89 from the muzzle of thinner end even of

lighter materisl. It is found, bo~ever, that
it is necessary to provide an abutment for
the heavier and stronger diaphragins near
the muzzle to suppo:t tiem agzainst the im-

£ pact of tle gases und to relieva frum great

pressure the successive lighter diaphra
which are liable to be crushed eventullrymisi
the resistance is through them.

Qn2 object of the present invention, there-

48 fore, is o provide such » construction of |

mlencers of this charscter as shall be ca-
pable of withstanding the impact of the
geses while at the same Vime the minimum
of weighs in the silencers is secured. Fur-

43 thermore, in silencers of this character which

ary eccentric with respect to the sxis of the !

£gub barrel, it is necessary to assure sccurate
alinemert of the openings throuph the suc-
cessive disphragms for the passage of the

B¢ projectile

It is, theref~re, s further object of this

'
|

{

‘“ue invention will b, more fully ex-
pluined Loremaficr #1th reference to the se-
companyiog drawing in which it is illus.
trated ond i wviich—

Figure 1 18 & vier in side devation of an
ordiaary ‘perting rifis eqripped with o
silericer wi.ich emb.iivs ‘ha inventior. Fig.
2 j= 1 detail viev in seeti>n and on a larger
scale of the silenorr shown in Fig. 1, ¢ por-
ticn of the barie! beiny -isc represented.
Fig. 3 is a frce vicw of one _{ the dia-
phnfmz, showing the cecxxr ju the eir-
cumference therevf. Fiy 4 is 2 . ansverse
secticn of the su,.puit. > -h:a! o casing,
shoving ths longitudina: k. ¢

In the enbodisi.ent of . ¢ 1n2ontion shown
in the drawing thev is - cured to the ex-
tremity of tue barrel i c. the un, in any
suitable munner, gs by sccow turoads. s cas-
ing d. vhick is preferably subsientiglly cir-
cular n erse section and of g or or luss
length as mn{ be m}uixed and f-1.18 & su
port and incloswe for the series f single
silencing devices or rartitions or diaphragms
Jr spreaders ¢ by which the gascs, which es-
cape at the muzzie of the barre! a, 2re com-
pelled o scquive, within successive cells or
enarbers formed by the diaphragms ¢, & rv-
tnrly or whirling movement.

n the embodiment of the invention shown
each single silencirg devia: ¢ is generally
circular or annular with rcference to the
axis ef the shell or casing ¢, and is spiral or
conchovidal in cross sectiun, sn opening &
Leing formed for the pussage of the pro-
jecti?e. In the construction shown, such
opening ‘s eccentric with respect to il axis
of the shell or casing. As is now weil un-
derstoad, the powder gases sre directed by
the frusto conical portion of .ach dia-
phragme or spreuder, or single silencing de-
vice, into the sunnular chsniber formed by
the diaphtagm and acquire therein a rapid
rotary motion in which their enerpry is dissi-
pated. The diaphragnis or spreaders, as ¢?,
nearcst the muszie of the gun are natuialy
subyocted 0 the highest pressure of the

while those more remote from the

inveution Lo provide & construrtion by which | muzzle sre subjecied to & considersbly lower
such alinement of the npenings through the | pressur. Those more remote from the
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mutzle of the gun may, therefore, be lems { proper relative position with ths
eapalie of resisting bigh poessure than thoms | ¢’ in accurnte alinement with the of
Detier the muzzle and may be made of moch | the berrel o

lighter shoot steel than thuee near the
s munzle, or may even be made of sluminue i
while nearer the muzsle sre made of prising = shell or caning, a seriem of dia-
stesl. However, should the disphirs or | phragms ur spreaders disposd in tha shell
spresdery peater the muscie vest directly v or casng runote from thw tnareie end tavm-
sgainst thowe more remate from the muszie, ! ing & scormion of hambems, cach of tas
10 €0 that the Iatter receive the pressure trans- ¢+ disphrame or spresders having &n opaning
mitted through the former, they wou!d! furthe pacage of the projectile, and s rrela-
eventuslly be broken down. To cbviste | tively heavy or srong disphragm or
this, an sbutment is forioed in the shell or s ender disposed in the shell of camng nd-

I claim 3¢ my invention:
1.\ silencing device for firearma, com-

casing d 1o receive the premure of the dia-

18 pbragums or spreeders in the zone of high

remurs. Such sbutmett tnay be vari-
ously formed, but as a econvenient and intx-
penwive, but efective construction, te sbell -

or casing d, sfler the lighte~ dinphragins or
s¢ snresden ¢ have been pluced therein, is!
formed with an inger circuruferential ridge !
or shoulder d’, as by spinning, and against '
such abutment the hesvier diaphragms o |
ey ¢ reet. It will be understood

Yy h:: the nu:nb::&t huvie; o:d nmﬁgﬁr dis-

ors ers employed will depend
8 ng("h: chgaﬁa of the gzn to which the
is applied. For o Light power zun
it ia sufficient o p(;'«mze one .'zuvy,.stu}g.dmé
a plragm or spresder ¢*, a8 snown in .

i g?rlbc dn::l;g, but with a gun of hiﬁxf
power (wo or wore of the huavy steel dis-
phragms or spreaders nnly be uﬂoaim‘. ot
~ouree the sumber of the ligher disphregms

3¢ ovepresders employed will almo depend upen
the charucter of the gun to which the si-

Jencer is .ptgl:cd and the efe  to be pro-

duced. In the construction shown in Fig. 2

?.a is provided within the shell or casing ‘
for more than one hesvy or strong dia-

phragm or spreader aud u specing siceve &* |

i to kold the single disphragum |

o spresder in place.

I¢ will be understood that the protisioa |

40

jacent to ths muzzle of the firearm also
saving an ing for the pawage of the
projectile, tle shell of casing having an
abutment to resist the forward preasure of
such Leavier dinphragm or spreader, whern
by the lighter disphrsgme or spresders
reencde from the mozzle of the firearm are
relieved of the pressure of the beavier dis-
phragm or spresder.

2. A silencing _detiﬁ ufnr firearma, comu-
prising & suppocting OF casing, & teries
of diaphruems or spreaders di ‘n the
«h*ll or casing remote from the muzale end
furming a suoc-stion of chambers, each of
the diaphragms or spreaders having ac open-
iag fue the prrasge of ihe j:oi~tile and
forming sn x7nular cell substantially con.
choidal in croas section, and 8 h-avier dia-
phrag or spreader disposed in the abell or
casing adjscent to the munht.,l tllla” firearm
and also having an opening for the pamage
of the pmjmﬁa and also forming au ap-
nular cell sulntantially conchoidal ia crom
section, the supporting shell or casicg hav.
ing »o moutment to roveive (- presucs of
strch heavier disphisgmn o2 sp. mder, where-
by the Light ¢ displrwgms or spreaders re-
mate from the muzzle of the firearm are te-
ireved of the presure of ths heavier dia-

| phisgm or »preader.

3. A silencing devioe for firearms, com-

«8 of an sbutment for the besier disphre

} | | prising 8 sug:porting shell or casing, & weries
or spresders is equally desirable, wuether . of diaphragms or spresdery disposed in the
the silencer be conceniric with the axis of . siell or caming remole from the muzzle of
the gun bervel or eccentric with reapect there- | the fircarm, each of the diaphragms or
to. in the entatruction shown in the draw- 1 spreaders forming s srnular ol substan-
80 ing, howecer, the silencer iz eccentric and it ; tially ennchoidal 1n cross pection and having
therefore hecomes dezirsbla to provide aenns  an cpening for the pessage of the projacule,
far readily amuring the sccurate el.nement ; and 8 heavier or ftronger < (phragm or
of the operings ¢’ i the several diaphrapms ' spreader disposed in the shel ¢ casing ad-
or opreuders with ths bore ¢f the pun tar» ! jsevnt to the muzzle of the frcarxa lnvf.i‘m

sbown, cech of the disphragms or sprueders | choidal in cross section snd hsving e ouess-
is provided in its circumference with u key- | ing for the pe:sape of the projectiie, the pup-
way, af shown at ¢ 5 Fig. 3, and the shell | yorting shell or casing having sn interior
or casing d i3 provided with an internal | cieumfercntial ridpe forming an abutment
60 longitu-iinal ridpe or key ", which mey be , to reevtve the vrrsure of wuch heavier dia-

conveniently fornued by rolling or piressing , phregm ae spoader, wherehy the lighter din-
8 suitably sheped tool into the onter wall of | phrapgms or spresders remote frem the
the casing. ith this construction the dis- ' inurzie of the fireerm are relieved of the

phragms or spreaders cannot be introdnesd ‘

proasure of the Lesvier disphragm or
&5 lote the shell or caming sxcept in thew P

spresder,

174

&85 rel. Yor this purpose, in the coustruction i forming an snnular cel! subctantinily o (3¢
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4. A rilencing Jdevice fur freanss, com- i ing & succession of chambers, sach of the dia-
pristng & supporting ehell or casing ard s phragms or srmd'ﬂ forming an annular
wrics of diaphragms or spreaders disposed | ol sebstantisliy conchoidal in croxi section
in the shell or casing and forming & sucees- | ond having 82 opening sccentrically dis-

8 sicn of ‘hambers. cach of the diaphragms | jxeed for the pamage of the projectile, the 29
of spreaders having an opening cecenrrically , shell or casing hawing an interior ridge ve
disposed for the passape of the projectile. | key and each of the disphragms or spregders
the shell or cuinfz having an interior r:dge | having & kev-way to coiiperate therewith.

1

or key end esch of the dmphiagme or i This specification si and witnessed
10 spreaders having & key-way to enoperate ; this 27th day of Nevember, A, D, 1908,
therewith, : HIRAM PERCY MAXIM.

5.\ silencing devies for firearms, comn- |
prising & supporting shell ur rasing and 8 . Signed in the presence of —
series of disphragms or spreadens «]i-:}nmd § Josernixg H. Maxiun,

18 in the supporting shell or casing and ‘

orm- Laxa E. Bragovircn.
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UNITED STATES PATENT OFFICE.

RUGENR THURLKR OF FRIDOURG, SWITZLRLAND.

DEVICR FOR THR RUPPRIEXIION OF THE RIZPORY OF YIREARNMS.

1,000,702, Spesisention of Letters Patent. Patented Aug. 15, 1011,
Application £led Kevembder ¥, 1910 Serial ¥ 690347,

7% all whom it may concern:
Be it known thae |, Frokxe Tuiowes, a

citizen of the Swiss Confuderation, residing

st Fribourg, of the Swiws Confelderntim,

8 have invented certain new and wweful fm-
provements in Devices Jur the Suppresion
of the Report of Firearms, o) wh: ic’l the fol-
lowityg is a specitication,

Thix invention relatex to devicws for fee.

10 ening (e report of firearms.  Aeeneling
to thit invention the energy with which the
grses of combustion travel is destruved by

iding said gases through s certain num-
het of chambers which are srranged at a

18 certain dist. e apart the ope before the
other and whi~) have passeyes for the pro:
jectile.  The gases ere thur deviatead fram
the trajectary and made 19 expand gener-
ally in said chambers,

2¢ e devices aconrding to tlis invention
difler from the devices of known tyux and
serving for the rame purpose by the ar.
sangement that the said expansion chambers
have the shape of cunical sieeves which are

23 mounted in & casing the rear end of which
is perieeatal or formed of wire gauze for
§ of its l('nfih. The inner casing is fur.
ther inclosed in one or more maatles whuch
are slicruately perforated at the frout or

39 at the rear end.  The gasen which are cumn.
presed at a very higﬁ degree of presaure
wken they are bring peuncrsted sre thus
cuickly devintad from the trajotory of the
projectile. The pases exenping through the

38 perforations of the caxingx, geti:ng bt of
the conical sleeves s preventad.

Ip the accompanving drawing, a plan of
emqlion of the objvt of the present mven-
tion 13 showp s« applied to o ritde-Larrel.

40 Figure | reprewnts a horizontsl longi-
tudinsl section of the appsratus big. @
shows a cross sectiop aleag the dine 1] 11
(ee Fi‘f. 1). Figs 3 anl 1 haie ieference
to the detail of the device shuwn in Fign

48 1 snd 2 Fip 5 to 7 show the detar's of
three mouifications,

The devies represented in Fige 1 1o 4 haa
a sleeve a the internal dismzrter of which s
equal t¢ the outer dismeter .f the barrel b.

8¢ An angularslnt o’ (Fig 3) ut the free rad
of the slcvve a rerven 1o hix the device o the
barrel 3, gaid ot being pushed over the
eight . The ruterior of the apparatus s
provided with a seriey of tubsdar sleeves o

88 placed co-ayially in the tube ¢. Thus tube

e is deublewalled and it is made for two-
thirds «.f 1ts beight of hine net-work, the re-
mwaining thind betny of sheet nietal. The
shvien o are eomicaliv enlasped toward the
fivnt card. The natrow rear ends are all 88
turned toward the iarrel & and conditute
topether 3 canal for the projectily 1% The
sleeves o have at the frent emd tour sdote
thronehs which are passed four pods £ fined
oy the aneide of the tube ¢ and serving to 68
mamiain the leeves o at a given distanes
frivn each other s that each two succeed-
ingr sleeves forn a curved passage for the
comprased gas. The tuwe ¢ is surroumled
by 3 seond tule v of 8 greater duancier 70
thar: ». the position of which s eccentrie
with recand to the sominon agis of the tubu-
lar seeves . This tube ¢ is perforated at
e first pait 9° for one-thied of its Janpth,
A thind wle b perforated at its rear part 78
fur obe-thied of ite length surrounds the
tube . The space between o and 4 i filled
with ~havings of netal, such as aluminium.
The peoation of the tube 5 ix alwo ceentric
swtth o ond ta the wxis of the sleeves o w0 80
that the wiht £ projects over the device for
a faw nslitneters.

The dimvtion followed i'_\ the compressed
Lands chowg by the arrowe, The projectile
B oon l-aving the lareel 8, enters into the 88
chatvel formal by the nsrrow extremities
of the sheves 4 el v iape this clisnnel to the
compmesse b gai which rushe, consequently
throueh the sanular apemings of the tube ¢
into the space Ivinen the tubes e and g o
where 1t partiaitv expands  From there
the jas e~upes throush the nareow open-
s of the st or {er and thud of the
Tt o inte the spare betveen o and A
whers the cus 3 prevontest from expanding 08
instantly awisig to the ikl of netal Jhav-
inps. e rcape of pac throagh the open-
e in the tube A tabone place withoat eny
report. The - hid wall f the forward part
of the tete -~ evente the gas from coter- 100
ing the <heves @ this c=ecap.ng by the cen-
tral channel before the hot. The more
elongated the Jarm of the shieves the less
the gox »ill erdeavor 1) pencirute into the
pascpe for the proosectie 108
vheetied taal the tube 2 does 0ot
tourch the vail of tha (uba g &t ity upper
part: thery 1s sl v tace of & few mitic.

meters Letween ¢ and 7 which is necctiary
Yor 1he Irve pesssge of the gus arouud the 110
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tube e. If this tube were (o touch the tube ! the projectiie by means of consecutive -le-
g the resuit would be a pressure on the pio- | ments which form & channel for the pasiage 20
Jectile causing the same to deviate. | of the projectile, comprising in combinatian
Expervivuents hrve shown that the recoil | & certain number of elemenis vonsisting of
¢ of & gun fitted with the aborc described de- i comircal sleeves, a tube inclosing said cle-
vice 13 only very slightly diminished, the | wwents and perforated for two thisds of its ‘
sutematic veloading by recuil could there- | lvigth fram the front end to the resr, an 30 g
fore be uccomplished. ewventric casing surrounding ssid tubs and
¥ig. 5 showe a maoditied construction ac- | compov~d of twoe tubes of which the inner
10 cording (v which the tubulsp sieeves ave ! une 13 perforated ol the front part sbout one
differently shaped than in the fiest instance,  third of its lenth, the ouler tube beiag per-
Accocding to Fiz. G the tube ¢ oo this de- | fusutedi at the rear pert for about one ihivd 38
vice has Iezn suppressed. The entire space | of i1s dength aud & filling of nietal shavings
Getnoen thie tubes ¢ and A° is filled with | in the space betworn said tubes substantiaily
1% metal shovings, A net-work A7 has been | us disenibed and shown and for the purpose
apphicd ‘o the inside of the (erfurated por- @ set forth.
tion of the tube A, Fig. 7 shows slots A? In witness whereof T have hercunto set €9
provided in the tube A’ for the escape of | my hand in the presence of two witnesies,

2 "5 Saim e EUGENE THURLER.
4 Aa improved device for lesening the re- Withesses:
port of firc-arms in which the compressed Ararxr pr Cansatase,
guses are dovisted from the trajeciory of H. C. Coxr-
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Temnslatfon: Patent No, 629404, Silencers for Hand Weepons!
Jasued to ians Bissfaldt, 13 March 1933, in Gexmany.

Sllancers for hand weapousare already knowm, Geuerally, they
consiat of an elongated hollow cylinder with baffles, which either
partition the chamber ox closs it off from the atwosphere by uss of
alastic washers, Either way, good results are not obtained because
the moise, even though somevhat attenuated, slways remains.

In welation to such silencers, tha following improvement and dis-
sovery is containped herefn. The inner chambers will be completely
f4lled with a porous materisl, such as viscous sponge, rubber sponge,
or @ stwilar material, This waterisl offers no resistance to the
passing projectile and closes ijmmadiately behind it, The gas follow-
ing the projectile will be forced into the many small cavities, whera
it will be delcyed prior to arrival at the closing washer until such
tims as the projectile will bave passed through and the washer will
bhuve ciosed, In thi? mavper, & sulstantial attenuation of the noise
will be obtained,

The objective of this discovery is illustrated in the following
skﬂtChc

Pig, 1 shows & longicudinal view of the silencer in which the
walis, 4, separate the hollow cylinder into separate chambers. ‘The

chaaner, b, is filled with porous material, followed by packing washers,

¢, and the elastic closing washer, a,

Fig. 7 shows the view of the muzzle of the silencer with the
notched closing washer,

Fig. 3 shows & view of the silencer end attachable to the barrel
of the weapon,

Patent Claim

Silencer for & hand weapon is described as follows, The closing
packing washers in front of the hollow cylinder are to be made of a
waterial ~hich is capable of closing the hele produced by the passage
of the projectile, One of the Jivided charbers of the holiow cylinder
is to be completely filllad with rubber spouge, viscous sponge, or other
sinilaxr porous material,
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{ 3 Plexible baffles and Sponge Rubber at the Silencer Fxit
{ & Germou Patent No, 629404
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2,448,382 -

UNITED STATES PATENT OFFICE

Warren . Masoa, West Orange, N. J., sasignor
o Bell Telephiome faberaivrics, Incerpors
Naw Yok, N. Y., & corporation of New Tork

Apylication October 26, 114, Sz.!4i Ne. 580,458

3 8 Claims.
To's inveation reiatcs to fireurmas and more
perticularly to s sllencer for reducing the mutzle

The principal object of the invention i3 to
reduce the noise associated with the muzzle blast
¢f o firearm. Other objects are (0 reduce the
welght, size and coct of a silencer and improve
the stability of performance,

Importsnt factors in silencing the muzxle blast
of a firearm sre the repid cooling of the power
@asts and t!'e reduction of pressure before they
emerge. An effective sllencer util'ing these
principles comprises a chamber con'sining heat
ebeorbing material through which the bullet
passzs. The eflectiveness of such a device de-
pends. among other things, upon it Cross-sec-
thonal ares. Applicant has discovered, however,

front end of the sllencer.

In accordance with the invention, therefors,
the chamber has st its front end & secifon of
redilced cross-sectional area. Weight, sire and
cost are reduced without seriously affeciiny the
efliciency of nolse reduction. The silencer may
be bulit a3 an attechment or, pref~rsbly, the re.-
portion of the chamber may be built around the
barrel of the firearm. with communtcating holes
through the barrel. The heat abscerbing material
may be metal screen, which may take {ie form
of apertured duscs, stacked one upon ar sther and
preferably held in compression. Plating the
scrern with some tmetal such as tin before punch-
ing the discs wil} increase the stability of per-
formance.

‘The nature of the invention will be more fuliy
understood from the following detailed desrip-
tion and .by reference to the accompanying
drawings, in which like reference characters refer
to similar or corresponding parts and 1 which:

8. 1 L. A side vitw, partly in section, of &
siencer in accordance with the invention at-
tached to a firearm;

gs. 3 and 3 wre crosg-aectional views, to arger
scale. of the silencer of Fig. | taken elong the
lines 3—2 and 3—3, respectively:

Piz. 4 13 & aide view, partly In section, of a
modified form of the stlencer of fig. 1 in which
the rear portion of the chamber ix built around
the bharrel; and

Plg. 5 Is & cross-sectional view, to larger scule,
of ihe sllencer of Fig. 4 taken along the Hne b8,

Fig. 1 shows one form cl the suUencer {# at-
tached 10 the end of the barrel {1 of a firearm
123. The slencer 10 comprises & cylindrics)

{CL 89—~11)

chamber having a rear section 13 and a fromt
sectica 21, both con'ain‘ng heat absorbing ms-
terial, through which the bullet passes with min-
‘mum cleasance. The side walls of the rear
5 section ¢3 are yormed Ly the metal tube {4 which
s securely fastencd st the rear to the apertured
end piece (8 an? at the front erd is internally
threaded to receive the apsttured conneetor {1I.

“The hest sbsorbing material in the section 19 s

10 in the form ol & number of annular di-cs {8 of
metal screen stecked ont upon another and held
in compression by the conn:ctor §1. The end
o'ece 18 Includes as an integral part thercof ar
internally threaded collar (8 which screws oato

13 the threaded murzie of the berrel #1 to hoid the
silencar §0 securely In position.

The front section 21 comprises a metal tube 22
securely attached at its rear to the connector (7,
threaded at itg front end to receive the annunr

20 end plece 23, and fillod with annular di«es 24 of
metal screen. A forward sight 8 is provided
at the front end of the siiencer 9. In order (o
save drawing space parts of the sections i3 and
21 have been removed. Figs. 2 and 3 are cross-

23 secticnal views,

The effectiveness of the silencer |8 depends
upon 1ts Jength and cross-sectional area. How-
cver, epplicant has found that the cross-sectional
area may be reduced at the front end of the
silencer without a proportional reduction in its
abllity to silsnece the muzzle blast. This I due
to the fact that the powder gases have already
been considerably lowered in trmperature and
pressure before they reach the front portion of
33 the rilencer and so it takes a mzmeller cross-

sectional area to cool them a given additional

smount Therefore, in sccordence with tne in-
vention, the front section i has a smaller cross-
sectional area than the section (3. Furthermore,

40 the original «fMclency may be vestored by a com-
parative.y slizht scdition to the length of the
sliencer (8. There resulis, however, & consider-
abie reduction in velght and volume. This re-
duces the cost of rhe sliencer and, more mport-

45 antly. improves the balance of the firesrm.

Figs. 4 end 5 s>ow & modified form of the
silencer 19 in which *he rear section 3! s built
around the barrel 1§ of Jhe firearm 2. The alde
walls of the section 31 ore formed by the metal

50 tubc 18 which ts cloaed at the rear by an end
piece 9 securely fastened to the barrel 1 and
at fta front end by ar spertured and flanged
metal due 3. The section 1V i3 substantially

Alled with heat absorbing material in the form
&8 of layers of metal screen 32 wrapped arcund the

kL
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11, 3¢ thatl it may be of larger dlameter without
smietfering \.i‘h the Jine of sight

‘The fromt sectivn 38 compiisas 4 metal tube
38 internilly threaded at its rear to screw onto the
threaded end of che barrel ¢ 1, internauliy thrensed
at its front end to foccive the annulsy end piece
23, <nd tiilsd with apnular discs 28 of metal
acreen.

THa screen is preferably plated with: some metal
suck, tor examipile, aa tin bel 12 end

]
g
]

AZFTRBENCES CIT D

The follovwing refetences ars ¢! Jecced i the
18 il of this patent:

UNITED STATES PATENTS

Nosaber

221343
1,000,702
1121250
1.173.387
1320478
1,331,474
1462805
1,497.853
1,887,208
1433643
2043,721

Hember
L AL

Mame Dute
Telingf —..oueeueeen. May 6, 1980
Thurier .cccn.......- Aug. 19, 1951
HYBB caecaecencnoas FOO. 3, 1018
TICDG0% e eoeacmen Peb. 29, 1016

THROAPIN e e e e SUDIS 12, 1017
MASEE oot womumuna. Peb. 17, 1820
Moxim oo eeo Pl 8, 1024
DCKMIAD ...coecna. JEDS 10, 1904
Faredlte .cocmeemonm Oct. 9, 1928
Vgt e e e Do 28, 1831
Bouros - June 9. 1938

POREION PATENTS

Couniry Date
(¢ - — 2. 1933

~emoe




v

P
k4

o

vv________ﬁr_____'_r_—__————‘——v—.—'——-?
Al

Aug. 31, 1348, W. . MASON 2,448,382
SILINCER
Piled Oct. 20, 1944

Fr6.4

AVENTOR
- W.2 MASON

/FW . ”/V%

185




3,138,991

United States Patent Office ., , 2108591

1

3.13899¢
FIREARM MUZZ'E ATTACH ENT AND VROV
TILE WITH EXPANSIREF. DI TACHARLE HL SR
Richand §.. MaNer, 241 Cccan Parbway, New Vord, N Y.
Filed Jan. 1, 1962, Ser. No. 165,308
B Chim (CL 89—14)

This inventeon is for 3 nove! combination penersily
characterised as » firing proce. a3 for evample. o rfie,
which is partcularly adapied 1o the firmg of a husk bailct
“md husk shot.

Arcther object of (12 invention imulves novel nnthaty
of prajecting v:ch bulleds with 4 yview to anreavns the
range. accurzzy and resond reducton of the fing pacce

Ay 1 velt undesadood in the art of Hrcar=s, tie et
of the bullet or projectile at the moneat on finre ol op
enormnous Nircsses i the bullel of progectdie whnh cause
it to try to mone off to o b or the v her ¢f the avis
of the bote o INe Weapon damnd 10 LD W s 1o Cane )t
10 wobble of yaw as & moves Jown the Fore and ey
from it.

Since the conveanional bullet is made velitively coft
ad Cuctle so that it will propetly enp e b nithing of
the baricl of the fining prece. e cnrmons stecves alse
catre 31 0 hooome Jefovrwed and ambtalancad Upon
its exit from the tuwe of the firing preve the hultet setains
thewe distortions or wobbling and conled comint s, Cause
ing a sesultant umbenrable irscouracy at canpe.

Thewe sarin undesred comdiions and offecss are .
creawed the -Buorter the beoning surfuce of the progoctle
in relsiion 1o s orerall icnpth,

An truponant obpcl of this imventon i Ly pron.de
either a peraiancnt of removable cite huneng for the ke ¢
muzzie of a ntic. foe crample, wha b proedkos “he Folict
back onto the - e of the ritle turre sfter os et therctiam
and sePifation feoemats ke sk

Ad Stont obegts imd e reduced wepht of hud due
1o redined ength increasad dinibdds of husk dae o Jee
creancd bulls. retuccd heanug sutfooe of the bullot propay
in relaten o ats oneradl fenerh doe o she vatust ciime
tnatnnt of acccloration at the ansde, ant snrceed seee
ity of attachnwnt o W dapluesble punie foae
(L X531

A cturther obgedt oty ot e dhoan ot o hiawvt wha b
a0 et stabon wih g ek Bubict whl grostiy sodine the
tevant of the pun.

Stul anorhee oot of the insepla v fo fiavade b
an altochmiont who h i comr it wivh o Aok bV
will rarve 10 et B Pron chile pragpes o e o
turBances Bowetally conmd B b nad e clenl o g e
ot the £.mc i the ssoiamne of the Callet progar treea s
Fun and s Ltla hownt

A dunbat o ot of Ghe raventa o b procate ol h
an atiahment whoh perpids L the us of Raa Ballon
Raving 2 relativedy st Noarns s abaar o Un bonk, e,
relatiodt 10 thea sl R prth ik dvemdnde e af -
Curscbes besblting frm imb duna . wat thpg wnt Ll ne
of the bulict prog. e punctated oinp e parast of wg.
[SLYFITLB

(hhor vhpects o this muenten o chode wmdd naateadc
of acvchrating ord poowctoy hallels uader oo Bl o
eticnw S ufh.

SUHE anestioer o jout v tor Arevvndy Peove doomc Ihaaly sl ot
tasfung Mratine L 1o wE it ol o0 ey

Other and nawy dotaded e e of the gnsonien woll
Seoapparent rom e dobhos ng dosngien ot U anes
Saoadime sl of the tnvi ata dosicatiod 12 the w cerrpansng
31 rwoingn

Yo the drovangs

SHGURE e g verbhiold dontind (rims wedtionnd e w
irough © potuon 1 L Beeb Pl castinbee positemed

ish

20

p ¥

s
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2

the firing ¢hinther of 2 rifle to which the anti-recoil and
Srine Wit hmwent of this invenaton bas heen applicd;

FIGURE 2 v a simubar vaew of the muzsle and of the
Fareel dwang the Rk hullel shout to eocrepe (rom it;

FROU K ¥ ks 2 vmilar sicw showing sisccesaive slapes
of st tirng and dlustratiog the separation of the batlet
Pronct o tine tarskh: et

PIGURE 400 2 vambar view showing a still Later stage
i the opciaton of 1be dovike, nanely gust after the buliet
oner has naed 1rom the attachment dut with the huk
shllan ate e chmiciit wnd momentanily troppang the gases
tobind

Lhe subgxd matter of this imenion by ity prime
urty e Connection mith e Ao of hask beilotss fuch
a Palict e Husteated in one form in the ravangs situched
heretar

As bntrated ta 11G 1 the barecel 318 of a nfle. for
eyl v ot hod wah g antabiv sk d Pore 12, wheh
aenmnmeatos wah the Lnag chember

v bl Bt ot of a short cyfindyacal sofi metal
i 2o whindd s scured aronnd the Hahing edne of the
proaniie pom s 28 This pavectle wilt be mude of any
of the et s ety v olabke fie thes purpose, and
van oo comttse, i dude Pl show vieB av Ut in chot
oy The cap e wan B made in tarews 1ornw, bt ae
lentiatat, oo cihndreal fam oand Bpitadinadly pta
4 NN St Sles HIem ate A o B g adpaaent ats
lowd zint as s cleas e 816G V0 Thes cop o crimpad,
el o otherwoe attached e the progectie propaey
w0 s B i o uneany asembiy praor to finng

Asveloar troen PG 20 the ontevnal duanwter of the
Cav s Pty asted 1o the bore of the tifle to forey
the weuud Bt wh ke the prapectile propet 28 s od Jesser
donnwtoe d con base dlerenat Gorane s (o coample 8
Fang ponl o0 o Attt pount, as dlasitalad The keecth
of e Lup 260 e owulb apac e Lacr, e be coaskderaitdy
shaeter eoa wead F i soguiee i thy pormial case o pre-
! wancR L g 1awans and it kle The Jhetd
PEOENE N se Tate o soune proneied with the usial
CAPh e oWt ~on ) fang Lap, ran shown

In the form situairated the 1oimne st ond 24 of b bar
rel 5@ v chowmn o Pedunid e Ceeral Gamgler aml pro-
vl with cuigmaal thresds By moan. of shnohe Secve
16 ot 1he enaeal and pont e strachment s wied theteto
Sy cemiplommns o prietaul ticads ke turn, The ond of
the sdoove 38 e ntarmully ihrcahd to foEine a cote oe
e pove 38 By ccans of complomentary chreads, e
shown  Fhe oo 1% o prosian” with o oyhiedacal pos
wore the v od o wbah Bien o 1B anee o 1 e oof
the Parel e possepe amanta of o tencaied oo nad
el 28 0 i Lomemir s v linct gl puade e winen
I OIN haatr of the ponde toege woten 25 5 ke
Bhatr the doanscior ot thw Bwe oo the Pl amd o peote
ofs i bl an ot daneter e the Juameter of 1he [ros
bl 28 G ac e prove s heht oo it orewith Bhe

Y
Stmit of e anttan, and o g owead poriven 10

hoo

B

woaegtd L Bhe ancet L e ter of the shovte B8, s e
6 g wample ttapateen pannt therewgth foy L par.
Pare ko Iy o larmed Bater B he cvbsial prisde Bore sex-
farnt X Gl Py e Pacie pietetably Bos s kenpth ateat
et o the onth ot Buning susface of the Mulis
pooiNr i

Phe cloove 36 0 provnlod with a swrses of yadiosd pase
wave Jh bR pooente On e pedts Brothe oaplioene
§ e Fhose Py s con Py B o varneis fimme s h o

Ardieoal oy e s, und e Biie, ard they migy
Be ahintrt it poorms O mibctentiabiy avomd
the shoove 18 IThow gnuin 38 corrc pond 1o the wnalae
Ol Pt o meb B s s Teans fowma o 5o
Cladion toosd chron chore paarske b okes and the Ay
arv el e L s e s dend, Ty iy e e
adpitadh cah dihatge atoa,

“
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When a ring piece in accendance with this jiavention
is fires the cuplo-ive in the cartridpe casin~ is activaled in
the vrval manner, generaling tremendouy s presaire bees
hin! she husk 28 conivning the propecnle 28 The hiak
buliet i therefore rapidly aceckerited down the basrel
10 in the ususl manner snd moves into the casirg tormed
by ihe sleeve 16 and ihe core 1B 1o a conditen dlus.
trated in FIG 3. As soon as tie sk bullet i tekeascd
from the dissharge end of the barrel 10, the hoek 26
opens up under the foeoss aviendar? gt hodh sckonity, wepar-
rates substantully from the projectile 28, a0 i ies ol g
the adetior surfoce of the pasape g the slceve 16 1aul
it engages the enirance end of the comeal portion 29,
1o lusrated in PG, 3. This causes thw hirk 1o be
elatively decelerated ¥ ith respect 10 the projatite 268, w0
that the projpctile provreswes camatdly as o0 mdeperdent
pise inte the pasapge 21 This passage bang au ‘uraich
positicned on the aris of the barrel aad Loaving o febt
piess (it with the projoctile 28 aleadas o, Leking away
from it any mubblirg oy ofl coune movement that gt may
have.

At the ame tirie tiwe decckerated hinl I8 bovhs the
movenwnt of the cyplotiveg pases issuing 1o the barre!
behind it suffciently to inrcase thew proswre, Thow
gases therefore tend 10 discharpe threugh the posts 24 ot
an increased sclocay whih dicharge contianes and o
shded when the condiion dhinmrited in . MG 3 reached
where the hush has beor forced arto the guade bore 22 amd
further tends 1> Mack the exape of he povse evcept
through the ports 240 B wall be upparent, thersfore, that
the annimum of receil <Tordad by thiv &evae i en-
bance | by the moment ity (eward decelerution of °te
npdly mosing esplosise gases and ther sesuitang in-
crzased veloouy dicharge Literally throtch the paris 24,

Going back ot will e wen that 34 the vypanded husk
26 reaches the tapered pavaze 2180 o will Ke jradually
contracied or clowd Sack 10 s or.grsl condinon e
ARBUCH 1 Wil Be Compraned 2 the foroe ¢f The §anes
drises ® through the prade Bare passarpe 22 The hual
being hollow ovad of soft. doformable, duvtde matenial
sah s copper, for eumple, can v s@uecied ©f con-
trcted sufli ity o that o wid te (orccd thooph b
fusde hore pasaaze 1E and cpocted hebund the propcuk
28 Duning the perud of compression amd rpctien of
the bt the esphmine fases will be relating iy impedod o
thety forward motan, therehy imcreavne thew tend mn,
a8 provioudy evilamed, .o hewg cpnvicd ot even hpher
velocstics throwgh the ports 34

=
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F1G. & iffudrat:s anether advantapge of wiilitarian fea-
ture of the subje it mat.ee of thiv iavention: as v woll
known in *his 270 the expiomite gases which sutround the
trothine adie ¢ the projace @l wne monent of ismue
froun the busrer ‘e to engulf amd di<cu: o the Gkt of
the projectibe ana to thar exeent peduce the accurucy of
fiche. A, illes fated ia TG, 4, the trappine of the ex-
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APPENDIX F

RELATIVE LOUDNESS OF DISCREET SOUND PULSES

Presently there exists no aralytic:al criterion for estimating
loudness of a transient sound sigral from its pressure-time history.
The usual mcans cf measuring and spzcifying such signals is by their
peak SPL's. Since loudness of a discreet souad signal is also time
depzanaent, it is iinportant to re-examine the gualitative signiiicance
of this depandeace. 't he most reliable and revealirg dala are to be
found in the comm iy used equal-loudness-level contours for con-
tinuous pure toaes, 26 The requency rznge below approximately
200 cps is of little use here, since the single cycle time periods
of these tone are well 2above that to be found in small arms so'nd
signatures, Within the ‘raquency range {rom 200 to 8090 cps, the
lovdness level {phons) of a pure tone of given SPL. is approximately
ind«pendent of {icquency, Above this range the loudness level de-
creases,to a first approximation, direcily with frequency, All
attempts to exemplify the human ear by a damvped spring-mass system
seem (o fail in explaining the above frequency-~loudness relaticnship.
However, through inductive reasoning, the whole Joudress level spec-
truny as described above can be reprsented by:

200 < { < 800D,

Pm

LL = 20 log ~5Co3 * phons (1)
and
t > 8000,
LL a 20 Jog —.-—O—Ig’& - 30 {l—g—o%o-g) , phons {2
wherc
LL = loudness level in phons;
Prn = Peak sound pressure;
{ = pure tone (requency, cps,

The pressure-time area {, p4t) ¢f the positive half-cycle of a sinus -
oidal tone s
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A = '?m = _me(T/Z) (3)
i w

where
T/2 = 1/&f, half-cycle time duration,

Thus, the loudness leveis can be defined in termis of the recurrent
character of the pure tone i, e, ,

200 < £< 8000, LL s 20 log —22
. 0002 @
. Agcs A
£ 8000 LL s 20 log Pm__ _ e &
> ~ 20 log —hm - 30 Ao )
Or, in terms of the positive half-cycle time durations,
200 < f < 8000. LL e 20 tog Pm_
L0002 (5)
£ > 8000, LL w20 log —o_ . {{T/&exe - (T/2)
. 0002 b (T/&)
#2200
where

(T/2)gppp = 1/2(8000) = .063ms
The last equationa indicate tha¢:

1. Up to approximately 000 cps, the tone loudnese level is
egsentially equal to peak SPL,

2. Above approximately 8000 cps, the tone loudness decreases
almost proportionately to the tone's half-cycle time duration, '

If the same conclusions are applied (0 the singular sound pulses,
their loudness ievels can be expressed by:

)
063 ms< t <2.5my LL s 20 log 03'(‘)2

(6)

P . 063 -
t <,063 ms, LL & 20 log oog} _30( 0?363 t)
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where

t = time duration of the sound pulse in ma,

This suggests that the loudness level of a sow.d pulse fonger in

time duration than appruxirnately 0.063 millisecond is numerically
equiva.ent to the peak SPL. The loudness level of a nound prise
shorter in time duration than 0,063 miliisecond decrecases approx-
imatelv as ita time duration. This is partially borne out by the
records of silencers fired at Frankford Arsenal and partially by the
widegpread tendency to specify transient sounds by their peak SPL.
Aithough qualitativelysignificant, to date the above esquations are

based cnly on a somewhat boldly assumed analogy between transient
and continucus sounds,

It is interesting to note that the "loudness level' {phons) is
not representative ¢f how Joud a signal sounds, In other words, the
loudness of a signaldoes not double with doubling of number of phons,

The true loudness is represented by sones, which are related to
yhone by

L = 16-033(LL - 40} (7

where

I, = loudness in sones.

From previous anslysis, if the sound pulses io be dealt with
are longer than 0,063 millisecond,

the loudness in sones can be
represented by,

N

which is dependent only on the peak sound pressure level. A plot
of loudness (1) vs peak SPL follows. Here may be seen the true
relationship between peak SPL and hew loud the signzl actually

sounds, As an example, a signal of 102 db peak SPL sounds twice

as juud as a signa; of 90 db, since the latter is half the number of
sones o: the {H»rmer.
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